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ABSTRACT
THE IMPACT OF PHYSICAL EDUCATION ON STUDENTS’ PERFORMANCE
OUTCOMES IN MATHEMATICS
Ryan T. Cox

Research studies have suggested that students who participate in daily physical
activity and who are more physically fit may have improved academic achievement
scores. However, pressures on school districts to improve students’ academic
achievement in core course areas such as math, science, and English have put less
emphasis on courses such as physical education. School districts around the country have
eliminated and/or have lessened the amount of physical activity students receive during
the school day. This study examined the impact of time of physical education and
difference in 9th grade students’ math achievement scores in their Algebra course and
outcomes on the June 2019 New York State Algebra I Regents Examination. The causal
comparative quantitative study analyzed the mean scores between students who took
physical education before or after receiving math instruction in their Algebra course.
Further, the interaction effect of students’ gender and economic status based on time of
physical education was also investigated.
The results of the study found that students who participate in physical education
before they received instruction in Algebra had statistically significantly higher mean
scores in both the course and end of year-standardized test than those students who
participated in physical education after receiving math instruction. There were also

findings that suggest that gender and economic status are variables in academic
achievement based on time of physical education.
This research study provides implications that administrators may consider when
structuring the schedule in their districts and ultimately aligning physical education and
or physical activity prior to instruction targeted for improvement.
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CHAPTER 1: INTRODUCTION
The Every Student Succeeds Act (ESSA) signed into legislation by President
Barak Obama in December 2015 reauthorized the 1965 Elementary and Secondary
Education Act (ESSA) replacing the No Child Left Behind Act (NCLB) (Hammond,
2016). Under NCLB, subjects such as health and physical education around the nation
suffered due to a shift in importance for schools, as emphasis was placed on adequate
yearly progress and student testing. Under ESSA legislation, subjects such as health and
physical education are now identified as part of students’ well-rounded education rather
than excluded under the term ‘core academic subjects’ under NCLB (Society of Health
and Physical Educators, 2016b). Although funding is available for schools to alleviate
costs associated with funding physical education programs through federal grants,
schools continue to allocate budgetary resources to other subject areas to improve student
annual yearly progress. Specifically, Title IV, part A of ESSA, provides student support
and academic enrichment grants to fund well-rounded educational opportunities and
support safe and healthy students (Society of Health and Physical Educators, 2017).
Physical education and health are subject areas that may be funded under Title IV;
however, the emphasis on funding other areas of instruction in schools has left physical
education, although considered by ESSA as a course for a well-rounded education, a
content area discussed during budget cuts.
A report by the Society of Health and Physical Educators America (2016a)
suggested that physical education programs in thirty-one states allow exemptions from
physical education class time and/or credit. Additionally, thirty states allow exemptions,
waivers and/or other forms of credit that students can receive in lieu of taking physical
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education class. Further, fifteen states allow schools to apply for waivers at the state level
from the state physical education requirements (Society of Health and Physical
Educators, 2016a). The inconsistency across schools in the United States minimizes the
importance of physical education as schools continue to place importance on other
subject areas in lieu of physical education.
According to Wotus (2015), a report by the Institute of Medicine in 2013
highlighted that schools were cutting back on physical activity but suggests that
physically fit students perform better academically, especially in math. According to
Taras (2005), “The National Coordinating Committee on School Health and Safety
(NCCSHS), comprising representatives of federal departments and national
nongovernmental organizations, encourages school districts to respond to evolving
challenges by developing coordinated school health programs” (p. 214). Further, a study
by the Center for Disease Control and Prevention (CDC) (2010) examined fifty studies
reported in forty-three articles examining the benefits associated with physical activity
based physical education classes. The study found that specific positive relationships
between the physical activity and academic performance existed in over 50.5 percent of
students, represented by measures of academic achievement, academic behavior, and
cognitive skills and attitudes (CDC, 2010). McKinney et al. (2016) suggest that physical
activity and cardio-respiratory fitness can reduce chronic diseases such as hypertension,
diabetes, stroke and cancer, reduce symptoms of depression and promote healthy
cognitive and psychosocial function. Furthermore, it is noted by Hraste et al. (2018), that
studies reveal that, “exercise and movement have a positive impact on the human brain”
(p. 2). A study by Álvarez et al. (2017) suggests physical activity, especially physical
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education, improves classroom behaviors and benefits aspects of academic achievement
in mathematics and related executive functioning skills.
Problem Statement
Surmounting pressures on school districts and administrators to improve
standardized test scores under the No Child Left Behind Act and the 2015 Every Student
Achieves Act has left schools focusing on core content areas such as math, science, and
ELA, while diminishing the importance of daily physical activity such as recess,
physically active classroom breaks, and physical education. “Education’s budgetary
shortfalls have created the need to reprioritize funding, which has often had negative
consequences for physical education” (Smith & Lounsbery, 2009, p. 39). Tomporowski
et al. (2007) analyzed literature that examined the effects of exercise on children’s
intelligence, cognition, and association with academic achievement and found that,
“authorities note that school administrators, who are faced with the demands of preparing
children for standardized tests, have reduced children’s time spent in systemic physical
activity programs” (p. 127).
The Center for Disease Control and Prevention (2018) recommends that students
participate in sixty minutes of daily activity and that schools have an opportunity through
recess, classroom breaks, and physical education to meet those recommendations.
According to the CDC (2010), there are many benefits of physical education in schools
including increases in students’ physical activity, staying on-task in the classroom, and
improvement in their grades on standardized test scores. However, as Ardoy et al. (2014)
suggest:
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Nevertheless, schools face increasing challenges in allocating time for physical
education and physical activity during the school day. Many schools are
attempting to increase instructional time for Mathematics, Language or Science
subjects in an effort to improve standard-based test scores. As a result, physical
education sessions, recess, and other extracurricular physical activities often are
decreased or eliminated during the school day (Wilkins et al., 2003). (p. e52)
According to Zhang et al. (2019), “school based physical activity, especially
curricular physical education, has an unparalleled opportunity to promote children’s
health by engaging them in regular physical activity, while at the same time, advocates
have long argued for the necessity of school-affiliated physical activity” (p. 2). This
suggests the necessity to build curricula and increase physical activity in areas such as
physical education, recess, and physical activity breaks.
Research by Wassenaar et al. (2019) proposes that physical activity through
physical education is effective by increasing physical activity levels and improving
cognition, particularly in mathematics. Further, Podulka et al. (2006) found that improved
academic performance was associated with vigorous physical activity. School districts
continue to explore strategies, pedagogy, techniques, and interventions for ways to
improve students’ academic performance in mathematics. According to Bilgin (2020),
“the time allocated for physical education and physical activities in schools is gradually
decreasing” (p. 311). Brusseau and Hannon (2015) note that although schools are
identified as an ideal location for integration of physical activity, it is found that schools
are eliminating physical activity time to focus on increasing academic time in the
classroom.
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In a meta-analysis by Fedewa and Ahn (2011), results suggest there is a trend that
children are receiving less physical activity during the school day then they did decades
ago. Even though, “participation in physical activity is linked to numerous psychological,
physiological, and physical health benefits, legislative pressures have increased
instructional time and minimized physical education and unstructured play time (i.e.
recess)” (p. 521). Bilgin (2020) explains that schools are highly focused on national
standardized achievement tests and are devoting more time to other academic courses in
lieu of physical education and physical activity.
The issue that this study addresses is that the research suggests that there may be a
statistical significance as to where physical education is scheduled during the school day
in relation to mathematics instruction. Research suggests that there is improved cognitive
function after participating in physical activity and exercise, which prepares the brain to
learn (Ratey & Hagerman, 2008). It is not yet known to what extent students’ outcomes
in an Algebra course and New York State Algebra I Regents examinations is impacted in
relation to the time interval between physical and math instruction, where student’s
participate in physical education in a 9th grade sample in Northeastern United States.
Further, it is not yet known to what extent the interaction effect of gender and economic
status may have on students’ scores in an Algebra course and the New York State
Algebra I Regents Examination.
Purpose of the Study
The purpose of this causal-comparative quantitative study was to examine if time
that 9th grade students participate in physical education has any influence on their
academic achievement in mathematics. The researcher analyzed data of students who
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participated in physical education class before mathematics instruction (Algebra Course),
and students who participated in physical education after mathematics instruction, while
controlling for their 8th grade baseline math scores. The study further examined students’
performance outcomes on the June 2019 New York State Algebra I Regents
Examination, while controlling for their 8th grade baseline math scores. Additionally, the
study examined whether these scores varied based upon gender and economic status in
the sample. The study took place in a large public school district in a suburb located in
the Northeastern region of the United States.
School districts continue to explore strategies, pedagogy, techniques, and
interventions for ways to improve students’ academic performance in mathematics.
According to Podulka et al. (2006), “physical education classes are being replaced with
other classes in an effort to increase the students’ academic achievement as measured by
standardized test scores” (p. 1515). According to Ratey and Hagerman (2008), research
suggests that there may be a statistical significance as to where physical education is
scheduled during the school day in relation to mathematics instruction. Research also
suggests that there is improved cognitive function after participating in physical activity
and exercise, which prepares the brain to learn (Ratey & Hagerman, 2008). The ability of
the brain to create new brain (neuronal) cells during exercise was researched and
analyzed. Jensen and McConchie (2020) states that, “your ideal pairing is both physical
activity (to produce the cells) and challenging, relevant learning to ensure their survival”
(Yau, 2015), as cited in (Jensen & McConchie, 2020, p. 115).If cognitive function
improves through physical activity, how does this impact students’ performance
outcomes after participating in physical education class? Is there an interaction effect
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between time of physical education, gender, and economic status? The study is designed
to draw conclusions and analyses of the relationship between physical activity and
cognitive function, specifically when during the course of the day students participate in
physical education relative to mathematics instruction.
Significance of the Study
As part of a ‘well-rounded education’, the Every Students Succeeds Act (ESSA)
emphasized the importance for all students of access to an education that includes the
arts, humanities, sciences, social sciences, English, and mathematics. In addition, the
legislation included writing, engineering, music, health, technology, computer science,
career and technical education, and physical education as content areas included in that
definition (Workman, 2016). School health and physical education classes have been put
on a level playing field with other content areas, which now affords school districts
opportunities to fund these programs. School health, physical education, and physical
activity programs now have access to significant funding under Title IV, Part A of ESSA.
Funding is issued to states and distributed to school districts to support a well-rounded
education, safe and healthy students, and technology (Society of Health and Physical
Educators, 2016b), which provided opportunities to teach the whole child.
ESSA does afford states and school districts the flexibility to determine what
funds are allocated to subject areas based on their specific needs assessment. This allows
districts to fund programs other than physical education such as literacy, math, and
science, especially for populations in the district that require additional academic
interventions. This does leave districts the opportunity to focus on areas other than
physical education and physical activity during the school day. Tomporowski et al.
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(2008) suggest that “research that addresses the impact of physical activity on children’s
physical health, mental function, and psychological well-being is of critical importance”
(p. 126). In this study, the researcher will explore the relative impact and role that
physical education and physical activity may play during the school day and how this
subject is scheduled to improve academic achievement.
A literature review by Taras (2005) recommends further research to analyze the
relationship between physical activity and academic outcomes requiring more
investigation as it is necessary for more understanding of the effect of physical activity on
students’ performance, thus validating the significance of this study. Fedewa and Ahn
(2011) suggest that “the impact of physical activity on children’s academic achievement,
as proponents of physical activity must justify the need for time devoted to physical
education in lieu of instructional tasks (Hardman, 2008; Sibley & Etnier, 2003; Trudeau
& Shephard, 2010)” (p. 522). Because of the neuroscientific effect that physical activity
and exercise have on brain function and cognition, research may support the notion that
physical education and physical activity be utilized as an intervention to provide
opportunities for students to achieve at higher levels, increasing positive student
outcomes.
The present research will extend inconsistencies in past research by analyzing the
time that students participate in physical education relative to outcomes in their math
course and standardized tests. The significance of this research study is to inform school
districts and administrators of the importance of daily physical activity and participation
in physical education. The effects of physical activity on brain function through
neurogenesis aligned with the brain-based learning theory may assist administrators in
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making decisions to provide interventions for students to improve academically through
physical activity in physical education. “The investigation of whether physical education,
as it is currently and typically implemented in schools, is as important as vigorous
physical activity in the prediction of academic achievement can provide valuable
information to school administrators” (Stevens et al., 2008, p. 369). Additionally,
Hillman et al. (2008) suggest that lack of physical activity can lead to negative health
factors, as “recent evidence further indicates that children are growing increasingly
sedentary and unfit” (p. 58), thus leading to health issues such as diabetes and obesity.
Further, Tomporowski et al. (2008) suggest that research that examines the effect of
physical activity and exercise on children’s physical health, cognition, and overall wellbeing is critically important. It is noted that school administrators and officials, who face
the demands of preparing and improving students’ outcomes on standardized tests have
reduced the amount of physical activity and recess opportunities for children in schoolbased environments. As noted in research studies, physical activity and physical
education programs do not negatively impact students’ academic achievement
(Tomporowski et al., 2008).
Bilgin et al. (2020) suggest there are misconceptions where parents, politicians,
and principals believe that allocating time to physical activity during the school day will
affect students’ academic performance negatively because students are ‘tired’ after
participation and will not learn during their lessons. This study will address this
misconception as literature and research suggests that “school-based physical activities
can increase academic performance” (Bilgin, 2020, p. 313), and provide a possible
intervention for students to increase academic achievement. Further, this study may
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provide additional variables to be considered by administrators, including time of day
when students participate in physical education relative to math instruction. In a study by
Singh et al. (2018) which analyzed fifty-eight studies that examined the effects of
physical activity interventions on academic performance, found inconclusive evidence for
the effects of cognitive and academic performance. However, the study did conclude that
“there is strong evidence for beneficial effects of physical activity on math performance”
(p. 1), thus the need for this study. There may also be implications based upon gender and
economic status that play a vital role and address the gaps in the research. In a study by
McPherson et al. (2018), researchers suggested the need for future research regarding the
interaction effect of socio-economic status, gender, and physical activity, which this
research study will examine.
Research Questions
1. Will there be significant mean differences in 9th graders’ math achievement
(Algebra Final Scores and Algebra Regents Scores) between students who
participate in physical education before and those after math class?
2. Will there be significant mean differences in 9th graders’ math achievement
(Algebra Final Scores and Algebra Regents Scores, and their combined scores)
while controlling for 8th grade Math Scores between students who participate in
physical education before and those after math class?
3. To what extent is students’ math achievement (Algebra Final Scores and Algebra
Regents Scores) influenced by gender and time of physical education?
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4. To what extent is students’ math achievement (Algebra Final Scores and Algebra
Regents Scores) influenced by economic status and time of physical education?
5. To what extent do Time of Physical Education, Gender, and Economic Status
predict students’ Algebra Final Scores and Algebra Regents’ Scores?
Definition of Terms
Physical Activity – The World Health Organization (WHO) (2020), defines
physical activity as any bodily movement produced by skeletal muscles that requires
energy expenditure – including activities undertaken while working, playing, carrying out
household chores, travelling, and engaging in recreational pursuits.
Physical Education – According to the Centers for Disease Control and
Prevention (2020), Physical education is the foundation of a Comprehensive School
Physical Activity Program. It is an academic subject characterized by a planned,
sequential K–12 curriculum (course of study) that is based on the national standards for
physical education. Physical education provides cognitive content and instruction
designed to develop motor skills, knowledge, and behaviors for physical activity and
physical fitness. Supporting schools to establish physical education daily can provide
students with the ability and confidence to be physically active for a lifetime.
Physical Fitness – According to Corbin and Le Masurier (2021), physical fitness
is the ability of the body to work efficiently to allow a person to be healthy and perform
activities for everyday living.
Neurogenesis – Neurogenesis is defined as the formation of new neurons from
neural stem and progenitor cells, which occurs in various brain regions such as the sub
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granular zone of dentate gyrus in the hippocampus and the sub ventricular zone of lateral
ventricles (Watson, 2017).
Neuroplasticity – The brain's ability to reorganize itself by forming new neural
connections throughout life. Neuroplasticity allows the neurons (nerve cells) in the brain
to compensate for injury and disease and to adjust their activities in response to new
situations or to changes in their environment (Shiel, n.d., para. 1).
Math Achievement – For purposes of this study, math achievement will be
defined as the scores that students receive in their 9th grade Algebra course as well as
their scores on the 2019 New York State Algebra I Regents Examination.
Time Interval Between Physical Education and Math – For purposes of this
study, the interval of time between physical education and math will be determined by
the period of time students participated in physical education before or after math
instruction.
Physical Education Groups – For purposes of this study, physical education
groups will be defined as the two groups that students are assigned as per their physical
education schedule. Students will be grouped into a before group, where they participated
in physical education one to three periods before math and the after group, where they
participated in physical education one to three periods after math.
Physical Education Periods – For the purposes of this study, physical education
periods will be defined as the six periods that the sample will be assigned as per their
physical education schedule relative to their Algebra course. Each period is forty minutes
in length and designates the amount of time they participated in physical education in
relation to their Algebra course. The -1 period designates 0-40 minutes prior to math
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instruction. The -2 period-designated 40-80 minutes prior to math instruction, and the -3
period designates 80-120 minutes prior to math instruction. The +1 period designates 040 minutes after math instruction. The +2 period designates 40-80 minutes after math
instruction, and the +3 designates 80-120 minutes after math instruction.
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CHAPTER 2: REVIEW OF RELATED RESEARCH
Theoretical Framework
This research study aligns with the brain-based learning theory, which was first
investigated in 1994 by Renate Nummela Caine and Geoffrey Caine as a theory of how
people learn based on current research in the cognitive and neurosciences (Caine &
Caine, 1994). The theory, based on the principle of educators understanding how the
brain functions and prepares for learning and aligning instruction, guides the research in
this study. The theory was further explored by Jensen (2020) and identifies the
understanding of the impact of physical activity and its effect on brain neurological
changes including the growth of new brain cells and positive impact on cognitive
function. According to Jensen and McConchie (2020), neurogenesis or the ability of the
brain to produce more brain cells is improved with daily, high-intensity physical activity
for twenty minutes or more. The brain cells will survive if relevant learning is applied by
engaging these students’ brains in challenging and meaningful learning.
Physical exertion, along with its counterpart of physical relaxation, is a powerful
way of moderating neurotransmitters that excite us (dopamine, norepinephrine,
glutamine, etc.), all of which contribute to a significant response rate in both brain
areas and student testing (Donnelly et al., 2016). Add the increased oxygen flow
that comes with activities as simple as focused breathing or energizers, and you
get the recipe for a high-performing brain. (Jensen, 2020, p. 113)
In the 1970’s brain theory comparisons of the right and left-brain were explored
and eventually termed a ‘triune brain”, or a brain that has three parts by Maclean.
Maclean termed the three parts of the brain as the lower brain responsible for survival
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learning, while the middle and upper brain are responsible for higher-level thinking
(Bonomo, 2017). Brain theory has been expanded upon and examined by many to include
researchers and theorists who believe that educators should become aware of the research
surrounding brain theory and align pedagogy in schools to increase student success.
Caine and Caine (1994) examined brain-based learning theory, which focuses on
more of a holistic view and understanding of how the brain functions in an educational
system based on current research in the cognitive and neurosciences. Brain-based
learning can be viewed as a theory of teaching and learning by understanding the
pedagogical techniques based on research of the neurosciences and cognitive sciences
(Connell, 2009). The theory focuses on twelve guiding principles as a theoretical
foundation for brain-based learning and alignment to education. In the book Making
Connections: Teaching and the Brain, Caine and Caine (1994) suggest that educators
should have basic knowledge of and appreciation of how the brain functions and outlines
twelve guiding principles for use in education including how learning affects the brain,
emotions, and how the brain or learner perceives the learning. Additionally, Caine and
Caine (1994) propose that every brain is unique, the different processes and conditions
that impact brain function, and how memory is influenced during learning.
In alignment with this study, Principle Two: Learning Engages the Entire
Physiology suggests that “brain based teaching must fully incorporate stress management,
nutrition, exercise, drug education, and other facets of health in the learning process”
(Caine & Caine, 1990, p. 66). Caine and Caine (1990) further explain that learning may
be impacted by the natural development of the brain and body simultaneously and that all
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students may be different in this process, suggesting that basing achievement of children
on age may be inappropriate.
Brain-based learning theory was further examined by Eric Jensen, whose work in
this theoretical area explores the relationship between physical movement and the brain
as part of the brain-based learning theory. In his book, Brain-Based Learning: Teaching
the Way Students Really Learn, he suggests that exercise benefits students’ emotional
self-regulation, health, and cognition (Figure 1).
Figure 1
Jensen’s Brain-Based Learning Theory Movement Impacts Learning Diagram

Note: From Brain-based learning: Teaching the way students really learn (3rd ed.), by E.
Jensen and L. McConchie, 2020, p. 112, Corwin.
Movement and Cognition
Learning is impacted by physical activity and its effect on the brain. The theory
behind brain-based learning is to provide tools for teachers to utilize to help students
succeed. Understating how the brain regulates its baseline chemicals through physical
activity and exercise suggests ways to improve student outcomes through increased
attention, memory, and neurogenesis. According to Jensen and McConchie (2020):
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Physical activity enhances the circulation so that the cellular mitochondria and
individual neurons receive more oxygen and nutrients (Nyberg et al., 2015).
Additionally, “exercise regulates norepinephrine and heart rate which is
significant in improving attention.” (Yang et al., 2016, p. 113-114)
Jensen (2020) states that “exercise also enhances memory by triggering the release of
brain-derived neurotrophic factor (BDNF), which is a natural substance that boosts the
ability of neurons to communicate with each other” (Griesbach et al., 2004, p. 115). Daily
exercise increases the BDNF levels and suggest improved cognitive processing and
improved memory.
The brain on average can produce over a thousand new brain cells every day and
high-intensity physical activity for twenty minutes is suggested to have many benefits of
neurogenesis (Jensen & McConchie, 2020). Further, Jensen and McConchie (2020) state
that students who, “engage in regular physical activity will produce more brain cells in
their hippocampus, resulting in better and stronger memories” (p. 116).
Movement and Self-Regulation
According to Jensen (2020), the correlations between physical activity and
exercise and improved student behaviors are strong. Classroom behaviors, mood, and
stress levels are affected by the amount of physical activity students receive on a daily
basis and an integral part of Jensen’s brain-based learning theory. According to Coe et al.
(2006), “increased activity levels might be related to increased self-esteem, which could
be expected to improve classroom behaviors as well as academic performance” (p. 1515).
Calestine et al. (2017) suggest that college students’ work habits are related to an increase
in physical activity and fitness levels. In this study, the results suggest that “there was a
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significant relationship between study time compared to physical activity and fitness
outcomes” (p. 1017), which aligns with Jensen’s work.
Related Research
The purpose of this quantitative study is to examine the impact of physical
education class on students’ academic achievement in mathematics. The research in the
following sections contains summaries of research studies that connect with this study
and review the impact of physical activity on academic achievement in mathematics, the
impact of physical education on student achievement, the relationship of physical activity
on neurogenesis and impact for student learning, as well as connections to gender and
economic status relative to achievement.
Physical Activity and Math Achievement.
There have been various studies, systematic reviews, and meta-analyses of the
impact physical activity has on students’ outcomes and improved academic achievement.
This section will review studies where physical activity impacted students’ academic
achievement in mathematics. Further, a study that examines the impact of physical
activity on concentration levels, which may impact learning and retention, is reviewed.
A study by Wijaya et al. (2020) examined the impact of physical exercise on the
concentration level of thirty-two students sixteen to eighteen years of age. The sample
was split into two groups (control and exercise). Each group consisted of eight male
students and eight female students. The exercise group performed a single bout of
moderate exercise for fifteen minutes at 50%-70% of maximum heart rate. The
concentration levels of each group (control and exercise) were measured by the Takei
whole body reaction measuring equipment (TTK-1246B/09006, Japan) to analyze the

18

students’ reaction time to response of sound (Wijaya et al., 2020). The results of the study
suggest that students who participated in the single bout of moderate intensity exercise
had a higher level of concentration compared to the control group. The enhancement of
circulation and rich oxygenated blood to the brain improves attention and concentration
(Jensen & McConchie, 2020) and improves concentration in ADHD students (Ratey &
Hagerman, 2008).
Further research by Sneck (2019) examined eleven studies where physical activity
interventions were integrated into the lessons and curriculum with five of the studies
suggesting a statistical significance in the correlation between the variables. Further, in
these five studies, the intervention included additional physical education lessons and/or
additional teacher supervised physical activity during the school day. Three of these
studies revealed significant positive results on students’ mathematics performance
(Sneck, 2019). Additionally, of five studies involving short physical activity breaks
during instruction or during the school day, two suggested positive results. Three studies
utilized long-term interventions and suggested no overall effect. In four of five studies
analyzing the acute effects of physical activity on mathematics achievement, physical
activity intervention was immediately preceding a mathematics assessment. Two of these
studies showed significant results. Further, effects were found in studies to suggest that
exercise breaks in the classroom had a significantly positive effect on students with lower
IQ, higher aerobic fitness, or lower school engagement (Sneck, 2019).
According to the study, the systematic review revealed that 45% of the 29intervention study showed positive effects and the 11 studies in the meta-analysis showed
a “small positive effect of school-based PA interventions on children’s mathematics
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performance” (Sneck, 2019, p.9). The study recommends that, “the results of this review
provide evidence to support the assumption that increasing school-based physical activity
can have positive effects on children’s mathematics performance and that it does not have
harmful effects on performance” (Sneck, 2019, p. 9).
In an experimental research study by Hraste et al. (2018), 36 fourth grade students
were randomly assigned to an experimental group (n=19) and a control group (n=17).
The experimental group was taught mathematics through an integrated teaching method
involving bouts of moderate to vigorous physical activity during instruction whereas the
control group received traditional instruction in the class. The results of the study
postulated that the integrated teaching of mathematics and physical activity is more
effective than the traditional method of teaching. “This study shows that successful
acquisition of geometric knowledge and skills via the application of a specific physical
activity program, and it is possible that learning content from other subjects via
integration with teaching physical education could also be effective” (Hraste, 2018, p.
11).
In a study by Harveson et al. (2018), ninety-one 10th grade students were analyzed
to compare the effect of Aerobic Exercise (AE), Resistance Exercise (RE), and a nonexercise (NE) control on academic achievement. The study utilized four 10-question tests
taken from the New York State Testing Program exams over a five-year period as the
dependent variable. Students were given five minutes to answer the 10 question tests.
Students’ cognition was measured using the Stroop test, which has been utilized in
research with students in the same age group (Bub et al., 2006; Comalli et al.,1962).
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Students were required to perform a familiarization session on the mathematics
test and exercise procedures. After a seven-day period, the students participated in one of
three exercise interventions in a random order and completed all interventions over a
three-week period. The math assessment was administered five minutes after the exercise
intervention. After the math assessment, the Stroop test was administered in sequence in
order of dot, color, and word and completed no later than twenty minutes after exercise
intervention (Harveson et al., 2018).
The resistance exercise protocol involved two sets of fifteen repetitions in the leg
press, bench press, lat pull down, cable row, back extension, and biceps curl. Students
were given a 1-minute rest interval in between sets. The aerobic exercise consisted of a
thirty-minute walk/jog at 50%-60% of the students’ age predicted max heart rate
(Harveson et al., 2018). The non-exercise control group sat quietly for 30 minutes while
watching a video and supervised to ensure that there was not activity nor any students
who fell asleep.
Data were analyzed using a repeated measures ANOVA and revealed significant
mean differences between resistance exercise and non-exercise in the Stroop test and as
per Harveson et al. (2018) found statistical significance in the Stroop word test. Further,
significant differences were established between aerobic exercise and non-exercise in the
Stroop dot test and found significance in the Stroop word test. There were no statistically
significant differences found between male and female participants.
Results analyzed by Harveson et al. (2018) suggest that although there were no
statistically significant improvements in mean math test performance from acute aerobic
exercise and resistance exercise, the researchers suggest that “both exercise interventions
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resulted in greater mean performance than the non-exercise control by 5%. Further, the
results “demonstrate that acute AE and RE can lead to small, positive changes in
academic achievement and cognition in a high school youth sample” (Harveson et al.,
2018, p. 33), which provides a foundation for this study.
Physical Education and Academic Achievement.
In this section, research associated with participation in physical education and
students’ outcomes is reviewed. The studies reviewed utilized physical education as an
intervention and examined its association with and impact on students’ academic
achievement in various subject areas including mathematics, which is relevant to the
current study.
In a study by Coe et al. (2006), the purpose was to examine the effect of physical
education class enrollment and physical activity on academic achievement in middle
school children, specifically sixth grade. Prior research has suggested that participation in
physical education may improve academic achievement; however, schools across the
country are limiting the amount of physical education students receive, and in some cases
eliminating the class. According to Coe et al. (2006), prior research has been crosssectional in this area and their study aimed to conduct a longitudinal study to address this
gap in the research.
There were 214 sixth-grade participants in the study from a public school district
in Michigan. According to Coe et al. (2006), the racial breakdown of the students in the
district is 62.7% white, 17.5% Hispanic, 8.6% Asian, 5.8% multiracial, 3% black, 0.2%
Native American, 0.1% Pacific Islander, and 2.1% other. The large school district where
the sample was taken enrolls 7875 students in K-12 and the study was conducted during
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the 2002-2003 academic year. All students in the sixth grade were issued a packet
containing a letter regarding the study on the first day of school including a parent
consent form to volunteer their child for the study. There were 229 of 622 sixth graders
who returned the consent form and 214 of the 229-student sample ultimately participated
in the study providing data, which proved to be a 93.4% participation rate (Coe et al.,
2006).
Students’ physical activity outside of school was analyzed as well as their
enrollment in physical education during either the first semester (August to mid-January)
or second semester (mid-January – June). Students were assessed three times: beginning
(August –September), middle (January), and end (May-June) during the school year.
Physical activity outside of the school day was estimated using the 3-d physical activity
recall (3DPAR). The 3DPAR is used to collect responses from students regarding their
physical activities for three consecutive days (Coe et al., 2006) and the 3-d blocks were
divided into thirty-minute blocks. Students were instructed to choose their outside of
school activity and these 30 minutes blocks were broken into ordinal data scores (1- no
activity, 2 – some activity, 3 – activity that meets Healthy People 2010 guidelines) (Coe
et al., 2006). Further, a field anthropometer was utilized by a trained technician to
measure the height of each participant to the nearest millimeter and weight was measured
using a calibrated digital scale. The body mass index was also calculated using these data
points.
Academic achievement was based on the individual grades each student received
in their core subject areas, including math, science, English, and world studies. In
addition, the score those students received on the Terra Nova standardized test was used
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as a data point, which is administered in April during the academic school year. The
System for Observing Fitness Instruction Time (SOFIT) was used as a tool for observing
physical education classes and recording students’ activity levels, type of curriculum, and
teacher behavior (Coe et al., 2006). Teachers were also observed twice per semester.
The statistical analyses used in this study compared age, anthropometric and
demographics data between the assigned semester groups (physical education first
semester (N=100) and physical education second semester (N=114)). An unpaired or
independent t-test was utilized; however, the Shapiro-Wilk test results suggested that the
outcomes (grades and Terra Nova scores) were not normally distributed (Coe et al, 2006).
The researcher used the Kruskall-Wallis analysis. The results of the statistical analysis
suggested that students who performed vigorous physical activity at a level that met or
exceeded the Healthy People 2010 guidelines achieved higher academic scores compared
with the other students in both the first and second semesters (Coe et al., 2006). There
were no significant differences found in academic achievement and Terra Nova scores.
Grades were similar during each semester for students regardless of whether they were
enrolled in physical education classes. Standardized test scores were not significantly
related to physical education class or physical activity levels.
In a research study by Fisher et al. (2011), the purpose was to collect data to
examine what cognitive assessment tests were best when implementing school-based
randomized control trials (RCT) on the impact of physical activity through physical
education and aerobic capacity on the executive functioning of children. According to
Fisher et al. (2011), the literature of the research is consistent that “increased time spent
on physical education in schools has no detrimental effect on more ‘academic’ subjects
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and may even enhance academic attainment” (p. 1). Fisher et al. (2011) further suggested
that the purpose of their exploratory study was to provide a foundation for future research
to assess and identify cognitive outcome measures that may assist researchers when
conducting studies relative to physical activity and students’ performance outcomes and
cognitive functioning.
The sample for the study used by Fisher et al. (2011) included students (N=64)
who were attending the second year of school at six mainstream primary schools in
Glasgow, Scotland. Parents of the students, whose mean age was 6.2 years, gave written
informed consent to the participate in the study and the study was approved by the UK
central Office for Research Ethics (COREC) (Fisher et al., 2011). The study was
completed in two phases: an initial study of practical utility and reliability of the
cognitive outcome measures over three weeks, followed by a 10-week exploratory RCT.
The intervention physical education was a ten-week curriculum created by
physical education specialists in Glasgow, which mostly consisted of moderate to
vigorous aerobic activity. The specialists taught one session per week of the intervention
schools and trained the classroom physical education teacher on delivery of the
instruction. The focus on each PE session was to make students, according to Fisher et al.
(2011), “as physically active as possible, minimize instruction time, and minimize/avoid
any time children were waiting to use equipment, or standing around” (p. 3). The control
group received the standard Scottish elementary physical education curriculum but was
increased from one hour to two hours of physical education per week for the ten weeks,
while one of the two hours was instruction delivered by a specialist and one by the
classroom teacher. The standard curriculum focused predominately on skill development
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and contrasted with the intervention group with the lack of focus on aerobic activities.
The physical activity that each student participated in was measured by an accelerometer
(Fisher et al., 2011).
Fisher et al. (2011) utilized the Cognitive Assessment System (CAS), the
Cambridge Neuropsychological Test Battery (CANTAB), and the Attention Network
Test (ANT) to assess cognitive functioning in the sample. Data from these tests were
collected on three occasions: three weeks prior to the intervention, the week prior to
intervention and following the intervention on week ten. Physical activity levels were
taken at week zero as a baseline. The sample wore an ACTi graph GT1M accelerometer
for seven days. Accelerometer counts per minute were used as the baseline and used as
intervals to categorize the students’ physical activity: accelerometer counts per minute <
1100 = sedentary behavior, accelerometer counts per minute 1100-3200 = light intensity
physical activity, and accelerometer counts per minute > 3200 = moderate-vigorous
physical activity (Fisher et al., 2011).
The exploratory RCT examined the changes in the cognitive outcomes measured
by the ANT, CANTAB, and CAS. Data were analyzed by the researchers and found to be
normally distributed and a t-test was used for changes over time. The independent
variables used in this analysis included intervention or control, socio-economic status,
gender, and school. Further, according to Fisher et al. (2011), age and baseline were
utilized as covariates in the statistical analysis.
Results of the study revealed that there were no statistical differences between the
groups in the CAS scales (p > .05). The CANTAB Spatial Working Memory Error rate
was significantly reduced in the intervention group (p < .01) and the CPRS was lower
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than that of the control. According to Fisher et al. (2011), the study suggests that the
cognitive and behavioral measures used in the study were practical and that in future
randomized control trials where researchers assess physical activity and cognition these
assessments are recommended.
In a longitudinal study by Carlson et al. (2008), researchers examined the time
spent in physical education class and relationship to academic achievement of students in
kindergarten through fifth grade (N=5316) from 1998 to 1999. In this study, the
researcher concluded that among girls, time spent in physical education might have an
association with academic benefits. These girls were exposed to physical education 70300 minutes per week and exhibited a small but measurable academic benefit in reading
and mathematics. The researcher posited that the “study supports findings from previous
studies in which investigators concluded that time spent in physical education did not
harm academic achievement and that it may have a modest favorable effect on
achievement” (Carlson et al., 2008, p. 721), while also providing evidence to examine the
relationship of gender in this study.
In a Chinese study, Zhang et al. (2019) examined the effect of physical education
on academic achievement in high school students (N= 460). The quasi-experimental
study explored the effect of increased time in physical education class from forty minutes
to ninety minutes and students’ outcomes. Students in a Shanghai high school were
randomly assigned to two groups (pre and post intervention). The pre-intervention group
(N=236) participated in four forty-minute physical education classes per week involving
general fitness training such as running, standing long jump, throwing shot, pull-ups, situps, etc. (Zhang et al., 2019). The post-intervention group (N=224) pilot program
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participated in the traditional physical education program as the control group for one
semester followed by two semesters of the treatment which included physical education
class twice per week. Each session was ninety minutes long, which included two fortyminute physical activity sessions with a ten-minute break in between treatments. The
curriculum was augmented from general fitness training to specialized sports training
including football, volleyball, badminton, table tennis, tennis, and aerobics (Zhang et al.,
2019). Students were afforded the opportunity to choose the units they would like to
participate in and were enrolled in this program in 10th grade. Students’ raw scores for
each semester were converted to standardized scores and recorded for both the control
group (pre-intervention) and the treatment group (post-intervention), including scores for
Chinese language, English language, and math. Scores were adjusted based on students’
age, gender, obesity (height and weight), and family wealth (measured by the real estate
price of the subjects’ current neighborhood). Further, teaching experience for the physical
educators were added including years of teaching and credential rank based on annual
assessment by administrators (Zhang et al., 2019). The change in academic achievement
between the two cohorts was calculated and two regression models were utilized to
explore the effect of strengthened physical education on baseline scores and the other
adjusted for the baseline scores and covariates (age, gender, obesity, and family wealth).
Findings by Zhang et al. (2019) suggest that participating in a strengthened
physical education program for two semesters had “a significantly positive effect on
overall academic performance of high school students, especially in Chinese language
and English language scores” (p. 7), while controlling for teacher quality and other
confounding variables. Further, the effects of strengthened physical education were
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different across academic subjects and gender. According to the results, language scores
increased, however, math decreased, as “physical fitness is associated with greater
bilateral hippocampal volumes and superior relational memory task performance” (p. 7).
Findings suggest that when students choose activities of interest, they may participate at a
higher level, thus leading to, “more cognitively engaging forms of exercise in
adolescents” (p. 8).
Physical Fitness and Academic Performance
In a quantitative study, Praphul et al. (2011) examined the relationship between
students’ fitness levels and academic performance. Prior research has shown a correlation
between higher fitness levels and academic performance, as well as the connection
between fitness levels, improper diet, and obesity, as schools continue to decline the
amount of physical activity students’ receive in schools (Praphul et al., 2011). The
objectives of the study, according to Praphul et al. (2011), were to assess the fitness
levels of the sample as well as the relationship of physical fitness scores and scores in
math and reading. The study was conducted using a sample of K-12 students (N =
19,695) in the public school system in Louisiana during the 2009-2010 academic school
year.
Students’ fitness levels were measured by the FitnessGram physical fitness
assessment tool, which, according to Praphul et al. (2011), “is the only physical fitness
measurement tool to use criterion-referenced standards called “Healthy Fitness Zones”
(HFZ), by age and gender” (p. 377). The FitnessGram measures four components of
fitness including: 1) aerobic capacity, 2) body composition, 3) muscular strength and
endurance, and 4) flexibility (Praphul et al., 2011). After physical education teachers and
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school nurses tested students, the data were submitted electronically and/or as a hard
copy to the University of Louisiana-Lafayette for analysis. Students’ math and reading
achievement levels were measured using standardized test scores from the Louisiana
Education Assessment Program (LEAP) (Praphul et al., 2011). Students’ fitness levels
were measured by how they performed on the fitness tests including the PACER, curl-up,
trunk lift, push-up, shoulder stretch and if they were in the HFZ according to the
FitnessGram assessment tool. Students achieved an overall fitness score between 0% 100% depending on what tests they were assigned based on age, gender, and if they were
in the HFZ. A Pearson’s Chi-squares was utilized as the statistical analysis for this study
to examine the correlation between students’ fitness scores and academic outcomes.
Additionally, race and gender were controlled to, “eliminate potential confounders”
(Praphul et al., 2011, p. 378). Further, a multiple analysis of variance (MANCOVA) was
used to determine if the math and reading scores were impacted due to fitness levels of
the students.
The Pearson’s Chi-squares analysis suggested a statistically significant
relationship between the math performance scores and fitness scores (p < .05) as well as a
significant relationship between reading and fitness scores in the sample (p < .05). The
MANCOVA analysis revealed that there was a statistically significant difference in math
and ELA scores (p < .05) between students who passed more fitness assessments
(Praphul et al., 2011), indicating that fitness levels of students may correlate to
achievement levels.
A study by Chomitz et al. (2009) aimed to determine if there is a relationship
between physical fitness levels and achievement of students in a diverse, urban public
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school district. Chomitz et al. (2009) used a sample of students in grades 4-8 (N=2127)
during the 2004-2005 academic school year.
Students’ fitness levels were assessed using the FitnessGram. Students were
assessed using five fitness tests as per the guidelines of the FitnessGram, including an
endurance cardiovascular test, an abdominal strength test, a flexibility test, an upper body
strength test, and an agility test. Students’ scores were based on a 0-5 scale, which
signified how many tests were passed based on normalized standardized criteria by
FitnessGram (Chomitz et al., 2009). The students’ academic achievement was measured
using their outcomes on the Massachusetts Comprehensive Assessment System (MCAS)
in math and English. Additional body mass index information and demographics were
also utilized including weight status and demographics including gender, race/ethnicity,
and socioeconomic status.
Chomitz et al. (2009) utilized bivariate and multivariate regression analysis to
identify any explanatory variables and chi-square tests to analyze the statistical
significance. The results of the study found that, “student characteristics significantly
associated with passing the mathematics test included ethnicity, higher SES, and higher
fitness achievement” (p. 33). Further, there was an association between female students,
ethnicity, higher SES, and higher fitness levels in the passing of the English portion of
the MCAS (Chomitz et al., 2009). It was also found that there was a strong linear
relationship between passing the MCAS Math portion and higher fitness levels (p <
.0001), which provides an implication for the current study. Further, the association of
SES and gender in this study also provides basis for the current study which will be
reviewed in the upcoming sections.
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Physical Activity and the Brain
In his book, SPARK, Ratey (2008) discusses the importance of exercise and its
impact on brain function. He suggests that exercise improves learning on three levels:
First, it optimizes your mind-set to improve alertness, attention, and motivation;
second, it prepares and encourages nerve cells to bind to one another, which is the
cellular basis for logging in new information; and third, it spurs the development
of new nerve cells from stem cells in the hippocampus. (Ratey & Hagerman,
2008, p. 53)
Hillman et al. (2008) conducted a literature analysis that suggests aerobic activity
can have a positive effect on brain function and cognition. Lee et al. (2019) suggest that
various types of exercise “set into motion an interactive cascade of growth factor
signaling that has the net effect of stimulating structural changes, enhancing behavioral
development and stimulating molecular levels” (p. 178) in the brain.
In a study by Owen et al. (2018), the relationship between physical activity,
school engagement, and performance in mathematics was examined to determine if there
was a correlation. Students (N=2194) wore an accelerometer an hour prior to a math
lesson and filled out a questionnaire following the lesson to assess school engagement in
the lesson, including behavioral engagement (active participation or time on task),
emotional engagement (enjoyment), and cognitive engagement (psychological
investment). Students participated in physical activity an hour prior to mathematics
including physical education class, recess breaks, and lunch breaks. The study was based
on previous research suggesting that “exercise-induced neurological changes, such as an
increase in brain-derived neurotrophic factor (BDNF), is responsible for the development
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of neurons associated with memory and learning” (Owen et al., 2018, p. 64). Data were
collected over three ten-week periods from January 2014 to June 2015. Results of the
study suggest that moderate to vigorous physical activity prior to mathematics had a
positive relationship with cognitive math engagement, suggesting that, “moderateintensity activity is positively associated with investment in learning and strategic
learning skills, such as problem solving” (p. 65), which are examined by the researcher in
this study.
A study by Hillman et al. (2009) examined the effect of an acute bout of moderate
treadmill walking on cognition and academic performance. Hillman et al. (2009) used a
within-subjects design with a sample of N=20. Students who were 8-9 years of age
including 8 females and 12 males. Students arrived at a laboratory on two separate days
at the same time of day to perform the tasks. On day one, the groups were separated into
two groups (exercise group, resting group) and on day two the participants in each group
performed the opposite task. During the resting task, the students were seated, and upon
conclusion of the twenty minutes, were administered two cognitive performance tests
including the Modified Flanker Test and the Wide Range Achievement Test – 3rd Edition
(WRAT3) test. The Modified Flanker Test was used to test inhibitory control (Hillman et
al., 2009). The WRAT3 test was used to test students’ reading, spelling, and arithmetic.
The aerobic exercise session consisted of twenty minutes of aerobic exercise on a
treadmill at 60% of the students’ max heart rate assessed by a heart rate monitor followed
by the same cognitive tests.
The results of the study indicated significantly better achievement on the reading
comprehension portion of the WRAT3 after acute exercise (p = .016). Hillman et al.
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(2009) suggest that “following acute exercise, children exhibited increases in response
accuracy and P3 amplitude during incongruent trials. Acute exercise also benefited
performance on an academic achievement test of reading” (p. 1052). Additionally,
Hillman et al. (2009) examined a topographical image of the brains of the seated group
and exercise group, which revealed the impact of event-related potentials (ERP),
specifically the P3 component which, “refer to patterns of neuroelectric activation that
occur in response to, or preparation for, a stimulus or response” (p. 1046).
Liu and Nusslock (2018) in a mini-review, titled Exercise-Mediated Neurogenesis
in the Hippocampus via BDNF, synthesizes literature detailing the relationship and
significance of exercise and hippocampal neurogenesis in the brain. During neurogenesis,
new neurons are generated and brain-derived neurotrophic factor (BDNF), a molecule
that regulates the process within neurogenesis, is released. Research has shown that
exercise and BDNF are positively associated with neurogenesis (Jensen & McConchie,
2020; Liu, 2018; Ratey & Hagerman, 2008) and may suggest that physical activity prior
to receiving instruction in content areas improves student outcomes. Liu and Nusslock
(2008) further suggest that although neurogenesis in humans rely on indirect measures
and is difficult to assess after exercise, it has been proven that in animals, in particular
mice, the increase in neurogenesis and BDNF is, “robustly established” (p. 4).
A study by Tomporowski et al. (2008) evaluated studies that examine the effects
of exercise on children’s intelligence, cognition, and academic achievement. The analysis
of the studies were grouped with three outcome measures, intelligence, cognition, and
academic performance, and were limited to published correlational and cross-sectional
studies and experiments that focus on the effect of exercise on children’s mental function
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(Tomporowski et al., 2008). Summary of the findings of correlational studies that
assessed the relationship of physical fitness and children’s academic achievement
included a positive association. Further, studies worth noting that examined exercise and
children’s cognition (Hillman et al., 2005) found that when brain activity was measured,
high-fit children outperformed low-fit children in a discrimination task and processing
speed. Further, the review examined a study by Zervas et al. (1991) where students who
completed an acute bout of physical activity were administered a matching-to-sample
task. Students ages 11-14 participating in the study, including nine pairs of twin boys,
were randomly assigned to one of two groups. One twin from each pair was assigned to a
6-month aerobic exercise program and the other assigned to a standard physical education
program, while an additional group of boys were assigned to a non-exercise control
group. The boys assigned to the aerobic training program and physical education program
both improved response accuracy at a significant level than the control group
(Tomporowski et al. 2008). The review of research suggests, “That systematic exercise
programs may actually enhance the development of specific types of mental processing
known to be important for meeting challenges encountered both in academics and
throughout the lifespan” (Tomporowski et al., 2008, p. 127).
A study by Best (2010) examined physical activity and effect on executive
function in adolescents. The study indicates that both acute and chronic aerobic exercise
promotes children’s executive function. Executive function refers to the cognitive
processes necessary for goal-directed cognition and behavior. Two experimental designs
were utilized to assess the effects of aerobic exercise on cognitive function. In the first,
students were exposed to chronic aerobic exercise randomly assigned over several weeks.
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This intervention was put in place to improve the students’ cardio-respiratory
functioning. The second design examined the immediate changes in cognitive functioning
immediately following acute bouts of aerobic exercise to determine the immediate
effects. Students in 4 , 5 , and 6 grade were introduced to an acute aerobic exercise
th

th

th

program for 12 weeks, 30 minutes a day, for three days a week and were tested using the
AUT (Alternate Uses Test) that measured creativity. Students showed more creativity and
divergent thinking.
The conclusion of the article is that engagement in physical activity is also a
cognitive activity that recruits higher order brain regions and requires adaptive thinking.
Best (2010) suggests that “Aerobic exercise, then, may be an invaluable part of children’s
development, and these findings should persuade parents and educators to reconsider the
importance of aerobic exercise” (p. 348).
Specific learning may be influenced by exercise training, according to a review by
Bavalier and Green (2008) of training-induced learning and the impact of ‘exercising’ the
brain. The review suggests that the “capacity of the human brain to learn and adapt is
unequalled” (p. 698). Specifically, the review discussed that those with expertise in
various games such as basketball and volleyball “exhibited superior selective attention”
and had “better visual reaction times and spatial orienting abilities” (p. 698). Further,
aerobic exercise was found to improve cognitive function.
A study by Ardoy et al. (2014) examined the effects of a physical education
intervention that focused on increasing the time and intensity in physical education on
adolescents’ cognitive function and academic achievement. The study took place from
January to May in 2007 in Spain for a sample of 67 adolescents ranging from 12-14 years
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of age. Three classes were randomly assigned to a control group (N=16), experimental
group one (N=26), and experimental group two (N=23). The control group received two
55-minute physical education classes per week, the experimental group one received four
55-minute physical education classes per week, experimental group two received four 55minute physical education classes per week at a higher intensity. Students were assessed
by the M version of the Spanish Overall and Factorial Intelligence Test (IGF-M), which
measures cognitive performance in categories such as non-verbal and verbal abilities,
abstract reasoning, spatial ability, verbal reasoning, and numerical ability (Ardoy et al.,
2014). Further, academic achievement was measured by the students’ grades in core
subject areas including mathematics, language, natural sciences, English, etc. The grades
were assessed prior to the interventions and post-intervention. Findings in this study
suggest that students in the experimental group two scored higher on cognitive
performance indicators (p < .0001) and higher academic achievement (p < .0001). The
findings suggest that “increasing the number and intensity of physical education sessions
per week has a positive effect on both cognitive performance and academic achievement
(Ardoy et al., 2014, p. e58).
In a study by Reigal et al. (2020), 167 teenagers between 14 and 15 years old
were evaluated to assess the relationship between physical exercise and physical fitness
with cognitive and psychosocial functioning. This research study was based on previous
literature that have “highlighted positive relationships of physical exercise with cognitive
abilities, such as attention and concentration, processing speed, cognitive functioning or
language” (p. 1). Students were evaluated on different days throughout the study as first,
anthropometric and body composition measurements were evaluated, followed by the
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cognitive functioning tests and finally, the psychosocial functioning questionnaires were
collected, which assessed students’ exercise routines, how long they exercise and how
often.
The cognitive functioning tests included the following assessments: the Attention
Test d2 to measure attention and concentration, the Wechsler Intelligence Scale Key Test
and Symbol Search for Children (WISC-IV), the Self-Concept Form-5 Questionnaire
(AF5), the General Self-Efficacy Scale (GSE), and the General Health Questionnaire in
Its 28-Item Version (GHQ-28). Students were divided into three groups as group 1
(n=60) did not participate in weekly activity, group 2 (n=56) participated in weekly
physical activity between 120-240 minutes per week, and group 3 (n=51) participated in
physical exercise more than 240 minutes per week (Reigal et al., 2020).
The results of this study suggest that students who participated in weekly physical
activity and exercised more often had higher fitness levels, had better perception of selfconcept and self-efficacy, as well as higher concentration, selective attention, and
processing speed on the cognitive functioning tests. Based on the findings, Reigal et al.
(2020) recommended that there is a need to continue “promoting physical activity and
exercise at these ages, due to its impact on the health and development of adolescents” (p.
10).
A study by Smith and Lounsbery (2009) examined research associated with
physical education and academic achievement. The study suggests that physical activity
can be measured in different ways and contexts. Further, the study identified limitations
where studies lacked sample size and/or specific populations or adult populations were
used; however, these studies still suggest that physical activity has a positive effect on
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students’ academic achievement. Further, gaps in the research in regards to when students
participate in physical education class and impact on students learning and outcomes is
noted. This research study will examine the gap in the research and analyze the impact of
physical education class and students’ achievement scores in mathematics.
Neurogenesis, BDNF, and Cognitive Function
Students who exercise are “more prepared to learn in their other classes; their
senses are heightened; their focus and mood are improved; they’re less fidgety and tense;
and they feel more motivated and invigorated” (Ratey & Hagerman, 2008, p. 35). Ratey
and Hagerman (2008) suggests in the book, Spark, that during exercise, students and
adults alike forge new connections between brain cells to relay new information. Further,
the brain is made up of over one hundred billion neurons. Neurogenesis is the formation
of new neurons’ connections and creation of new brain cells. Speaking about
neurogenesis, this “phenomenon has been linked to exercise, with a significant portion of
subsequent neural growth occurring in the dentate gyrus of the hippocampus” (Cotman &
Berchtold, 2002), as cited in (Liu & Nusslock, 2018, p. 1). Exercise mediated
hippocampal neurogenesis links exercise to neuroprotective and cognitive benefits
including increased memory and learning processes (Huang et al., 2014; Jensen &
McConchie, 2020; Liu & Nusslock, 2018; Ratey & Hagerman, 2008). The molecule that
mediates this process called brain-derived neurotrophic factor (BDNF), is a member of
the neurotrophin family and regulates the processes within neurogenesis (Liu &
Nusslock, 2018). Hillman et al. (2008), in a review of neuroimaging studies of physical
activity in humans, found that physical activity influences baseline electrocortical
function, which may affect cognitive operations. A review study by Lee et al. (2019)
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investigated the positive effects of exercise on brain function: “Researchers show that
brain plasticity is activated and strengthened by applying this clinical intervention
exercise program” (Osman et al., 2017; Voss et al., 2012), as cited in (Lee et al., 2019, p.
177). Further, Lee et al. (2019) suggest that, in regards to exercise, “it should be
emphasized that exercise-induced changes in structural, functional, and molecular levels
may affect performance in both rodent and human” (p. 178). In Figure 2, Lee et al. (2019)
show the exercise-dependent benefits in structural, functional, and molecular levels.
Figure 2
Exercise-Dependent Benefits in Structural, Functional, and Molecular Levels

Note: Based on changes in BDNF, Brain-Derived Neurotrophic Factor, NGF, Nerve
Growth Factor, IGF-1, Insulin-Like Growth Factor-1, VEGF, Vascular Endothelial
Growth Factor. From “Trends in exercise neuroscience: Raising demand for brain
fitness,” by C. L. Lee, K. Byun, J. S. Kim, H. Lee, & K Kim, 2019, Journal of Exercise
Rehabilitation, 15(2), p. 178 (https://doi.org/10.12965/jer.1938046.023).
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A study by Davis et al. (2011) revealed that during neuroimaging after exercise
treatment the “exercise group showed increased bilateral prefrontal cortex activity” (p. 7).
This aligns with Hillman et al. (2008) whose study suggested that “Colcombe and
colleagues found that higher levels of fitness and fitness improvements were related to
larger volumes of prefrontal and temporal gray matter, as well as anterior white matter”
(p. 61), which are essential to memory, cognition, and learning.
In a meta-analysis of research literature by Tomporowski et al. (2008),
researchers suggest that “systemic exercise programs may actually enhance the
development of specific types of mental processing known to be important for meeting
challenges encountered both in academics and throughout the lifespan” (p. 127). This
research study will examine the impact of physical education during the day and the
impact of students’ performance.
A review of literature by Huang et al. (2014) examined the effects of physical
activity and exercise on brain-derived neurotrophic factor. The literature review analyzed
thirty-two relevant publications examining the effects of various forms of physical
activity and exercise on peripheral BDNF, including acute aerobic exercise, chronic
aerobic exercise, and strength training (Huang et al., 2014). Fifteen studies examining the
effects of acute aerobic exercise, “demonstrated that peripheral BDNF concentrations
were elevated significantly in response to acute aerobic exercise” (p. 2). Further, there
were seven studies that examined the effects of strength training in which two were
uncontrolled and the other five studies did not reveal a significant change in BDNF.
Additionally, in this review, six studies examined the effect of chronic aerobic exercise
on BDNF. Four of the six studies revealed an increase in resting BDNF after a period of
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endurance training. Nine observational studies examined the relationship of physical
activity and BDNF levels. Three of the studies compared groups on their participation in
sports and three of the studies investigated the correlation between BDNF and habitual
physical activity measured by oxygen uptake levels. The studies were consistent;
however, four of the nine studies showed an increase in BDNF after bouts of exercise
(Huang et al., 2014). Overall, the literature review found that BDNF increased
significantly after bouts of exercise, however, the experimental studies utilized a serum
BDNF, in which the researcher suggests that this BDNF is stored in the platelets of the
blood and measured after output of exercise. As BDNF levels in the brain are difficult to
measure, “much more is known about the direct role that exercise and BDNF have on
hippocampal neurogenesis in rodents” (Liu & Nussblock, 2018, p. 1).
The research examined by Huang et al., (2014) does suggest that exercise and
physical activity increased levels of BDNF. Based on prior research, increases in BDNF
were positively related with changes in anterior hippocampal volume. Additionally,
increases in BDNF levels after prolonged aerobic exercise suggested improved cognitive
functioning (Huang et al., 2014), which aligns with the conceptual framework used in this
study.
Gender, Physical Activity, and Achievement
In this section, the researcher will review studies that examine the relationship of
gender and physical activity on achievement levels of students. Gender differences in
brain function researched by Zaidi (2010) found that “male and female brain structure
and function has huge implications for educational theory” (p. 49). Zaidi (2010) suggests
that females use their brains for verbal and emotional functioning whereas males use the
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areas of the brain associated with spatial and mechanical tasks. These implications
provide the basis for the current study which will examine whether gender has an impact
on academic achievement while associating with the time they participated in physical
activity through physical education relative to math instruction.
In a quantitative study by Alghadir et al. (2020), the researchers examined the
relationship of gender, physical activity, and stress-related hormones on academic
achievement. According to Alghadir et al. (2020), previous studies have suggested a
positive association between physical activity and academic achievement in students;
however, studies have neglected to examine the correlation between stress-related
hormones and school performance outcomes of adolescent students.
The sample utilized in this study were students (N=300) in grades seven and nine,
ranging in age of 12 to 18 years old from three different secondary schools which had
similar sociocultural environments during a time period of October 2018 to March 2019
(Alghadir et al., 2020). To be considered for the study, the sample needed to meet
criteria, as they could not have any chronic health problems and/or mental or physical
disabilities (Alghadir et al., 2020). A total of 150 students were included in the study and
placed into three different groups based on physical activity levels: mild, (n = 40, 25
boys, 15 girls), moderate, (n = 60, 45 boys, 15 girls), and active (n = 50, 30 boys, 20
girls) (Alghadir et al., 2020). Additionally, students’ baseline tests were analyzed by
Alghadir et al. (2020), which included their age, body mass index (BMI), waist to hip
ratio, blood pressure, and heart rate.
The physical activity levels of the participants were measured using metabolic
equivalents (METs), or minutes per week of the intensity of leisure physical activity of
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each participant as measured through interviews (Alghadir et al., 2020). The assessment
of academic achievement was measured by analyzing the mean grades in the samples’
end of year grades in biology, chemistry, physics, English, French, social sciences,
history, geography, religion, physical education, and health sciences. Mathematics was
examined separately as an executive function measurement (Alghadir et al., 2020).
Further, stress-related hormones were measured and analyzed two to three months prior
to the study, according to Alghadir et al. (2020), “to avoid any interfering factors like
anxiety” (p. 5). The cortisol levels were measured using saliva samples from the students
and serotonin levels were assessed using serum samples both using the immunoassay
ELISA kit (KA1894, Novus Biologicals, Ontario, Canada, Inc.) (Alghadir et al., 2020).
The statistical analysis used for this study was a two-way analysis of variance
(ANOVA) as well as a Mann-Whitney U test, and t-test to examine the differences in
levels of adrenal stress hormones and achievement scores in adolescents based on gender
(Alghadir et al., 2020). Further, to assess the relationship of cortisol and serotonin on
academic achievement scores, gender, and physical activity levels, the researchers used a
Pearson’s correlation. The findings in this study by Alghadir et al., (2020) suggest that
there was no significant difference (p > .05) between age, body mass index, and cortisol
levels with academic achievement. There was a significant correlation between academic
achievement scores with gender, serotonin, and physical activity.
A study by Guimaraes (2015) examined the associations of self-concept,
academic achievement, and adolescents participating in physical activity. In the study,
Guimaraes (2015) adopted a gender specific approach to explore these relationships. The
sample in the study included 1,094 adolescents ranging in age from 12 to 18 years of age
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attending four different schools on the south of Portugal. There were 526 male and 568
female students in the sample. According to Guimaraes (2015), “the gender gap seems to
emerge during the end of primary school and continue to widen during adolescence” (p.
78). Further, findings have suggested that girls spend significantly more time being
sedentary.
The instruments used in Guimaraes’s (2015) study were the Self-Perception
Profile Adolescents Scale (SPPA) and a Sports and Physical Exercise Questionnaire. The
SPPA was used to assess students’ self-perception as an independent variable in the
study. The Sports and Physical Exercise Questionnaire was used to collect information
regarding students’ past and current practice of sports and physical activity (Guimaraes,
2015). Students’ end of the school year final grades were used to measure academic
achievement. Grades were calculated using all subject areas except Religious Education
(Guimaraes, 2015).
An independent t-test was used to examine gender differences across the main
variables. Results revealed that boys were significantly more involved with sports and
exercise than girls. The participation levels and amount of physical activity was
significantly different between boys and girls, with boys being more involved as
compared to girls (p < .001). Further, girls’ scores on self-perception and self-worth were
significantly lower than boys.
The findings in this study suggest that “physically active adolescents report more
positive self-perceptions” (Guimaraes, 2015, p. 85). Additionally, the findings suggest
that “physically active adolescent girls are more likely to have higher levels of academic
achievement” (p. 86). Guimaraes (2015) suggests that research aligned with this study,

45

“can help identify appropriate interventions strategies to increase levels of physical
activity amongst girls” (p. 86), which signifies the need for this study.
Economic Status, Physical Activity, and Achievement
In this section, the researcher will analyze research studies related to the impact of
economic status as a determinant of achievement and the impact of socio-economic status
on students’ fitness levels and physical activity, which may be an indicator of students’
performance in schools. A study by Nisar et al. (2017) examined variables that may serve
as determinants of academic achievement including socio-economic status (SES), school
climate, and study habits of 1,500 students in the 10th grade across 60 schools of a Punjab
province. Data was collected through the use of surveys including the School Climate
Student Questionnaire (SCSQ) developed by Dr. Georgia Pashiardis, the Study Skills
Inventory developed by Dennis H. Congos, and a socio-economic status questionnaire.
Academic achievement scores were measured by using the schools’ annual examination
of concerned boards of Intermediate and Secondary Education Punjab (Nisar et al. 2017).
The data was analyzed by using descriptive and inferential statistics, a Chi-square test to
compare the school environments for the sample, and an ANOVA conducted to assess the
differences of school climate, study habits, and SES on student achievement.
Findings by Nisar et al. (2017) suggest that there is a relationship between SES (r
= .629, p < .01), school climate (r = .413, p < .01), study habits (r = .663, p < .01), and
academic achievement of students. These findings suggest that, “parents’ socio-economic
status has an impact on students study habits and academic achievement” (Nisar et al.
2017, p. 154), which strengthen the significance of this research study as the interaction
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effect of economic status, gender, type of physical education and academic achievement
are examined.
In a meta-analysis by Sirin, (2005), literature on socio-economic status (SES) and
academic achievement was reviewed. For a study to be reviewed, it had to meet five
criteria: apply a measure of SES and academic achievement, report a quantitative data in
sufficient statistical detail for calculation of correlations between SES and academic
achievement, include in its sample students from grades kindergarten through 12, be
published in a professional journal between 1990 and 2000, and include in its sample
students in the United States (Sirin, 2005, p. 421). Sirin used the search engines ERIC
(Education Resources Information Center), PsycINFO, and Sociological Abstracts
reference databases resulting in 58 journal articles that met the criteria.
After reviewing the articles and coding to address substantive and methodological
characteristics, Sirin (2005) used the following: Report Identification, Setting, Subjects,
Treatment, Process, and Effect Size for the coding scheme (p. 422). The effect size was
calculated using Pearson’s correlation coefficient r. Results revealed a medium
correlation between SES and academic achievement at the student level and a large
correlation at the school level. Sirin concluded that “this review’s overall finding,
therefore, suggests that parents’ location in the socioeconomic structure has a strong
impact on students’ academic achievement” (p. 438).
In a report by Hackman et al. (2009), studies were reviewed that examined socioeconomic status and brain cognition. The studies reviewed suggest “that SES is an
important predictor of neurocognitive performance, particularly of language and
executive function, and that SES differences are found in neural processing even when
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performance levels are equal” (Hackman & Farah, 2009, p. 1). Further research as
recommended by Hackman and Farah (2009) suggest that by studying SES and
cognition, there is the “potential to address societal problems and to broaden our
understanding of the human brain” (p. 8), which has implications regarding the impact of
physical activity on cognition and SES of the sample.
Wolfe et al. (2020) examined the relationship between socioeconomic status
(SES) and musculoskeletal (MSF) and cardiorespiratory fitness (CRF) in a sample
(N=1576) of boys and girls between 3-15 years of age. Race/ethnicity and SES were
determined by using a family questionnaire where samples were put into five categories
of race (Mexican American, Other Hispanic, non-Hispanic White, non-Hispanic Black, or
Other). Economic status was also based on the survey results and categorized by family
income and transformed into three levels (low, medium, high).
Students’ physical activity was analyzed using the questionnaire and categorized
by the number of days students participated in 60 minutes of exercise per day over seven
days (scale of 0-7). Musculoskeletal fitness testing was assessed by a handheld
dynamometer (Takei Digital Grip Strength Dynamometer, Takei Scientific Instruments
Co., Ltd) where each subject squeezed it as hard as they could for three seconds and
measurements recorded. Cardiorespiratory fitness was measured by the amount of time
students ran on the treadmill to exhaustion. The heart rate of each student was also
recorded during the treatment (Wolfe et al., 2020).
For each test of physical fitness, the three levels of SES (low, medium, high) were
used to assess mean fitness test percentiles while controlling for race/ethnicity and
physical activity status to test the impact of the independent relationship between SES
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and fitness. General and logistic regression models were used to analyze the variables in
the study.
Results of the study found that for all musculoskeletal fitness tests, the high SES
had better mean scores. Results suggested that “statistically significant trends across
groups were found for both plank and the composite musculoskeletal scores, where
increasing SES categories had higher fitness test percentile scores” (Wolfe et al., 2020, p.
536). Results for cardiorespiratory fitness found that the high SES had significantly better
mean scores than the low and medium groups. “These results indicated that high SES
youth have higher levels of fitness and lower odds of lower fitness compared to youth in
low and moderated SES groups” (p. 538). Wolf et al. (2020) conclude that “the findings
of the present study provide evidence that SES remains an influential variable on many
measures of fitness both musculoskeletal and CRF, even when controlling for
race/ethnicity and physical activity” (p. 540). Wolfe et al. (2020) recommend that future
studies explore the relationship of SES and measures of fitness, which this study will
address.
A study by Coe et al. (2013) examined the association between physical fitness
and academic achievement and the influence of socioeconomic status. A sample of 1,701
third, sixth, and ninth grade students were utilized in this study. Students’ fitness was
measured by the FitnessGram test including five test components for fitness and
academic achievement measured by standardized test scores from the Michigan
Education Assessment Program (MEAP) in Math, English/Language Arts, and Social
Studies. Students’ SES was measured by the students’ eligibility for a free and reduced
lunch program categorized in two groups (low and mid/high) (Coe et al., 2013).
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A two-way ANOVA used SES and students’ fitness scores to determine the
interaction effect of SES and fitness on academic achievement. Results found, “no
interaction between SES and academic achievement by fitness scores for any of the grade
levels” (Coe et al., 2013, p. 503); however, “there was a significant association between
fitness level and academic achievement” (p. 503). It is worth noting from this study that
low SES students did not perform as well on the MEAP as the higher SES students at all
grade levels.
A study by Peralta et al. (2019), examined the influence of socioeconomic status
(SES) on students’ physical activity, fitness, and fundamental movements skill (FMS).
The study will examined the barriers and enablers of students’ (N=7555) physical activity
in eighty-six schools in Australia. To determine SES, Peralta et al. (2019) used the Index
of Community Socio-Educational Advantage (ICSEA) and a questionnaire that parents
filled out to assess students’ fitness levels and physical activity. School environment
barriers were measured by a School Environment Questionnaire completed by the school
principal, and head of personnel, health and physical education in each school based on
the health promoting schools framework (Peralta et al., 2019).
Chi-square tests were utilized to examine the associations between students’
sociodemographic characteristics and ICSEA and general logistic regression to examine
the associations of ICSEA and students’ physical activity. Results of the study found that
school level SES has some influence on children’s physical activity levels. Additionally,
there was a statistically significant difference between students attending low and high
SES schools and achievement of the healthy fitness zone of cardiorespiratory fitness.
Peralta et al. (2019) suggest that “opportunities for children to be physically active differ
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across schools, particularly for children attending low SES schools” (p. 466), which
provides implications to examine economic status in this study.
The research reviewed in this literature review connects to the current study and
conceptual framework. The alignment with brain-based learning theory may have
implications for future researchers and school districts. As school districts and
administrators make decisions regarding scheduling and placement of physical activity
and physical education during the school day, prior research may provide insight into
how these possible interventions impact student performance. The results of this study
and prior research may suggest reasons for school districts to change protocols already in
place regarding placement of physical education. For effective change, it is imperative
that administrators understand the work of Fullan (2011) who suggests that for a leader of
change to be effective in the process of change, “the effective change leader actively
participates as a learner in helping the organization improve” (p. 5). Further, Schein and
Schein (2017) suggest that a leader must change the culture of the organization and
“shared learning” (p. 6) must take place for meaningful change. The implications of the
current study, which will be discussed in Chapter 5, will provide recommendations for
administrators and school districts when assessing their own school districts including the
possible impact of economic status, gender, and time of physical education on the
academic achievement of students in their schools.
Conceptual Framework
This study is in alignment with the brain-based learning theory, the importance of
physical activity through physical education, and its relationship to academic subject
areas, as illustrated in Figure 3.
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Figure 3
Conceptual Framework Used in this Study

Stevens-Smith (2004), suggest that “the greater the movement and stimulation,
the greater the number of synaptic nerves interconnections, and therefore, the greater
capacity to learn” (p. 10). During the school day, students participate in physical
education class and are physically activity. This study examines the relationship between
physical activity and students’ performance outcomes, guided by the brain-based learning
theory.
In this study, the researcher examined the impact of physical activity and its effect
on students’ academic performance in the students’ algebra course and outcomes on the
2019 New York State Algebra I Regents Examination. Further, variables of gender and
economic status were examined to analyze the interaction effect. The brain-based
learning theory suggests that movement impacts learning by understanding the
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neurological benefits of exercise, its impact on the brain, and how it affects students’ selfregulation, cognition, and health while encompassing improved attention, mood,
memory, and classroom behavior (Jensen & McConchie, 2020). Jensen and McConchie
(2020) state that “your ideal pairing is both physical activity (to produce the cells) and
challenging, relevant learning to ensure their survival” (Yau et al., 2015), as cited in
(Jensen & McConchie, 2020, p. 115). Building on this theory, this research study will
examine if there is a statistical mean difference in the scores of students who are
participating in physical activity before and after working on executive functioning skills
in mathematics class. Ultimately, the study will assess the difference in students’ mean
scores in the class and end of the year standardized test. If neurogenesis occurs during
physical activity, then outcomes in math should be improved.
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CHAPTER 3: METHOD
Research Questions
1. Will there be significant mean differences in 9th graders’ math achievement
(Algebra Final Scores and Algebra Regents Scores) between students who
participate in physical education before and those after math class?
2. Will there be significant mean differences in 9th graders’ math achievement
(Algebra Final Scores and Algebra Regents Scores, and their combined scores)
while controlling Math 8 Scores between students who participate in physical
education before and those after math class?
3. To what extent is students’ math achievement (Algebra Final Scores and Algebra
Regents Scores) influenced by gender and time of physical education?
4. To what extent is students’ math achievement (Algebra Final Scores and Algebra
Regents Scores) influenced by economic status and time of physical education?
5. To what extent do Time of Physical Education, Gender, and Economic Status
predict students’ Algebra Final Scores and Algebra Regents’ Scores?
Hypotheses
Ho: There will be no significant mean differences in students’ performance outcomes in
mathematics (Algebra Final Scores, Algebra Regents Scores) based upon before (-1, -2, 3) and after (+1, +2, +3) physical education.
H1: There will be significant mean differences in students’ performance outcomes in
mathematics (Algebra Final Scores, Algebra Regents Scores) based upon before (-1, -2, 3) and after (+1, +2, +3) physical education.
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Ho: There will be no significant mean difference in students’ performance outcomes in
mathematics (Algebra Final Scores, Algebra Regents Scores) based upon time of physical
education, while controlling for Math 8 Scores.
H1: There will be a significant mean difference in students’ performance outcomes in
mathematics (Algebra Final Scores, Algebra Regents Scores) based upon time of physical
education, while controlling for Math 8 Scores.
Ho: There will be no significant mean difference in combined students’ performance
outcomes in mathematics (Algebra Final Scores and Algebra Regents Scores) based upon
time of physical education, while controlling for Math 8 Scores.
H1: There will be a significant mean difference in combined students’ performance
outcomes in mathematics (Algebra Final Scores and Algebra Regents Scores) based upon
time of physical education, while controlling for Math 8 Scores.
Ho: There will be no significant difference in Algebra Final Scores based upon gender
(Factor A).
H1: There will be a significant difference in Algebra Final Scores based upon gender
(Factor A).
Ho: There will be no significant difference in Algebra Final Scores based upon time of
physical education (Factor B).
H1: There will be a significant difference in Algebra Final Scores based upon time of
physical education (Factor B).
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Ho: There will be no interaction between gender and time of physical education (AxB).
H1: There will be an interaction between gender and time of physical education (AxB).
Ho: There will be no significant difference in Algebra Regents Scores based upon gender
(Factor C).
H1: There will be a significant difference in Algebra Regents Scores based upon gender
(Factor C).
Ho: There will be no significant difference in Algebra Regents Scores based upon time of
physical education (Factor D).
H1: There will be a significant difference in Algebra Regents Scores based upon time of
physical education (Factor D).
Ho: There will be no interaction between gender and time of physical education (Factor
CxD).
H1: There will be an interaction between gender and time of physical education (Factor
CxD).
Ho: There will be no significant difference in Algebra Final Scores based upon economic
status (Factor E).
H1: There will be a significant difference in Algebra Final Scores based upon economic
status (Factor E).
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Ho: There will be no significant difference in Algebra Final Scores based upon time of
physical education (Factor F).
H1: There will be a significant difference in Algebra Final Scores based upon time of
physical education (Factor F).
Ho: There will be no interaction between economic status and time of physical education
(Factor ExF).
H1: There will be an interaction between economic status and time of physical education
(Factor ExF).
Ho: There will be no significant difference in Algebra Regents Scores based upon
economic status (Factor G).
H1: There will be a significant difference in Algebra Regents Scores based upon
economic status (Factor G).
Ho: There will be no significant difference in Algebra Regents Scores based upon time of
physical education (Factor H).
H1: There will be a significant difference in Algebra Regents Scores based upon time of
physical education (Factor H).
Ho: There will be no interaction between economic status and time of physical education
(Factor GxH).
H1: There will be an interaction between economic status and time of physical education
(Factor GxH).
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Ho: There will be no relationship between students’ gender, economic status, time of
physical education, and performance outcomes in mathematics (Algebra Final Scores,
Algebra Regents Scores).
H1: There will be a relationship between students’ gender, economic status, time of
physical education, and performance outcomes in mathematics (Algebra Final Scores,
Algebra Regents Scores).
Population
The population of this study consists of 9th grade students at a large public school
district located in the Northeastern part of the United States. The school district is
comprised of seven elementary schools, three middle schools, and one large high school.
The high school includes students in grades nine through twelve. The enrollment report
as per the school district is found in Table 1 from the 2018-2019 academic school year.
Table 1
2018-2019 Population and Enrollment of Large Public High School

Sample
Population

Total Number of Students in
High School

9th Grade Sample

n

n

2536

635

Sample
The sample for this study consisted of 220 ninth grade students in a public school
district in the Northeastern region of the United States. The 9th grade sample was sorted
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into two groups: students who participated in physical education class before algebra
instruction (N=114) and students who participated in physical education class after
algebra instruction (N=106). There were 96 female students in this study (N=96) and 124
male students (N=124), as noted in Table 2. This study will further analyze and compare
means of Economically Disadvantaged (N=122) and Economically Advantaged (N=98)
students as shown in Table 2. For the purposes of this study, data supplied by the school
district designated Economically Disadvantaged students as those receiving free and
reduced lunch services as indicated in the 2018-2019 Income and Eligibility Guidelines
for Free and Reduced Lunch and Free Milk table (Appendix E). The scales used in this
table are designated by the federal government and used to determine eligibility for each
academic year (Tyner-Doyle, 2018).
Table 2
Sample Demographics
Male Female
Sample

n

Participants 124
Note: N = 220

Economically Economically Before
Disadvantaged Advantaged
PE

After
PE

n

n

n

n

n

96

122

98

114

106

Students’ scores in the Algebra course were analyzed from the 2018-2019
academic school year as well as the 2019 New York State Algebra I Regents
Examination scores. The criteria for this study were that students from the sample must
have taken and completed a math course for the 2017-2018 school year and completed
the Algebra course during the 2018-2019 school year. Participants in the sample also
must have participated in physical education during the 2018-2019 school year and have
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received a grade on the New York State Algebra I Regents Examination score for the
2018-2019 school year. Further, participants in the sample must have been scheduled for
physical education one to three periods before their Algebra course or one to three
periods after their Algebra course. According to the population (Table 1) there were 635
students enrolled in ninth grade during the 2018-2019 school year. Out of the 635
students, 220 students met the criteria for the study.
Procedure
The researcher analyzed archived data from the 2018-2019 academic school year.
Students in this sample are required to take Algebra and required to take physical
education, as it is a graduation requirement. The researcher analyzed the schedules of
each student and assessed the relationship of the time interval between physical education
and math, where the students participated in physical education and received algebra
instruction. The algebra scores in the class were analyzed as well as the relationship to
the students’ outcome scores on the June 2019 New York State Algebra I Regents
Examination.
The students in the sample as required by the state of residence are required to
participate in physical education to graduate. The physical education course in the school
district follows the 2018-2019 New York State Physical Education Standards (Appendix
F) as per the New York State Education Department (2021), and the 2018-2019 National
Physical Education Standards (Appendix G) as per the Society of Health and Physical
Educators (2016a). Students participate in various units, activities, and training during the
school day including but not limited to team sports, individual sports, weight training,
fitness training, yoga, Pilates, and cooperative learning activities.
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Students also must have been enrolled in a 9th grade Algebra course during the
2018-2019 school year and received instruction from a certified math teacher. The
curriculum as per the New York State Education Department followed the learning
standards (New York State Education Department, 2017) as found in Appendix H.
Additionally, the researcher ran the analysis using the time when students
participated in physical education. Data used are based on time when students
participated in physical education relative to math instruction in the Algebra course. Each
period is forty minutes in length. Students who participated in physical education one
period prior to Algebra instruction are designated by period -1 (0-40 minutes prior to
math). Students who participated in physical education two periods before Algebra
instruction are designated by period -2 (40-80 minutes prior to math), and students
participating in physical education three periods before Algebra instruction are
designated by period -3 (80-120 minutes prior to math). Students who participated in
physical education one period after Algebra instruction are designated by period +1 (0-40
minutes after math). Students who participate in physical education two periods after
Algebra instruction are designated by period +2 (40-80 minutes after math), and students
who participate in physical education three periods after Algebra instruction are
designated by period +3 (80-120 minutes after math).
Data Source
The data source used in this study is the June 2019 New York State Regents
Examination in Algebra I. This examination is administered three times a year to students
in New York State in August, January, and June. According to the New York State
Education Department (NYSED) (2019), the Regents Examination in Algebra I assesses
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the students taking the examination’s achievement levels against the New York State
learning standards. Students who have successfully completed their course in Algebra I
are the intended population for this examination and a passing score counts towards
graduation requirements in the state of New York. “The exam is prepared by teacher
examination committees and New York State Education Department (NYSED) subject
matter and testing specialists, and it provides teachers and students with important
information about student learning and performance against the established curriculum
standards” (NYSED, 2019, p. 1).
Item Response Theory
According to the NYSED report, the model used for the Regents Examination in
Algebra I is based on the work of Georg Rasch called the Rasch model which has had an
impact on applied testing programs and has become a “standard procedure” (NYSED,
2019, p. 8) for analyzing data on large assessment examinations. According to NYSED
(2019), the item response theory (IRT) advantage is that it “links examinee performance
and item difficulty estimates and places them on the same scale, allowing for an
evaluation of examinee performance that considers the difficulty of the test” (p. 8). The
model was used to attune the test questions including the multiple choice and partial
credit questions. The Rasch model places the performance outcomes and item difficulty
on the same continuum and when the assumptions are met, this model provided indicators
of students’ performance on the examination across the same population (NYSED, 2019).
Reliability
According to Creswell and Guetterman (2019), “reliability means that scores from
an instrument are stable and consistent. Scores should be nearly the same when
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researchers administer the instrument multiple times at different times” (p. 158). Further,
these scores should be consistent. According to the technical report, the reliability of the
examination was analyzed with three additional statistical measures including standard
errors of measurement, decision consistency, and group means (NYSED, 2019).
According to NYSED (2019), the standard error of measurement is defined as
“the standard deviation of the distribution of observed scores for students with identical
true scores” (p. 19). Fraenkel et al. (2019) further explain the standard error of
measurement (SEM) as an index that reveals the extent to which a measurement would
change under certain circumstances and that there may be a variety of ways that there
may be standards of error for any given scores.
The results and observations in the technical report suggest that the scores from
the New York State Regents Examination are linear from the scale scores of 0-65 and
concave down from 65-100. The linearity of the scores is shown in Table 4 and can be an
inverted –U shaped patterns with some variations (NYSED, 2019).
According to NYSED (2019), decision consistency used to assess reliability
answers the following question: What is the agreement in classifications between the two
non-overlapping, equally difficult forms of the test? In essence, the test which may be
administered three times (August, January, and June) and administered to the same group
of students, the consistency of the measurement would be “reflected by the extent to
which the classification decisions based on the first set of test scores matched the
decisions based on the second set of test scores” (p. 23). Based on results in the technical
report, and by using the Livingston and Lewis method, the decision consistency (see
appendices) ranged from 0.88 to 094, and the decision accuracy ranged from 0.91 to 0.96.
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According to NYSED (2019), “for the Regents Examination in Algebra I, both decision
consistency and accuracy values are high, indicating very good consistency and accuracy
of examinee classifications” (p. 25).
Gender, race/ethnicity, English language learner /multilingual learner status,
economically disadvantaged status, and student with disability status analyzed the mean
scale scores. The New York State percentile rankings (see appendices) based on raw
scores were distributed for the administration of the exam.
Validity
According to Creswell and Guetterman (2019), “validity is the development of
sound evidence to demonstrate that the test interpretation (of scores about the concept or
construct that the test is assumed to measure) matches its proposed use” (p. 158). As per
NYSED (2019), the exam measures students’ achievement against the New York State
learning standards. The validity of the scores for the Regents Examination in Algebra I is
supported by multiple sources of evidence:
Chapter 1 of the Standards for Educational Psychological Testing (AERA et al.,
2014) specifies five sources of validity evidence that are important to gather and
document in order to support validity claims for an assessment including, test
content, response processes, internal test structure, relation to other variables, and
consequences of testing. (p. 28)
Test content validity should be valid for their intended purpose (NYSED, 2019), as this
test measures student achievement on the NYS P-12 Learning Standards for Mathematics
which are consistent with the Model Content Frameworks for Mathematics provided by
the Partnership for the Assessment of Readiness for College and Career (PARCC, 2014)
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(p. 29). The test is developed with a detailed systematic process and is reviewed to ensure
accuracy by staff that is thoroughly trained to assess such items.
Validity evidence is further provided by examinee response processes, which
require evidence that students who take the exam are answering the questions that are
intended by the assessment. Further, evidence documented in the report attests to the
training and quality control of administration and scoring of the examination. According
to NYSED (2019), “The implementation of rigorous scoring procedures directly supports
the validity of the scores” (p. 33).
The internal structure of the examination was analyzed to ensure that the test is
functioning properly and used as its intended purpose. This evidence is gathered by
conducting statistical analysis to assess if the relationship is strong among test items and
test parts (Creswell, 2019). NYSED (2019) noted that, “strong evidence exists that the
exam is functioning as intended and is providing valid and reliable information about
examinee performance” (p. 37).
Evidence based on relations to other variables was analyzed in the report, which
encompasses two validity categories (concurrent and predictive) (NYSED, 2019).
Creswell and Guetterman (2019) noted that, “the researcher looks for evidence of the
validity of scores by examining other measures outside of the test” (p. 162). NYSED
(2019) suggests that because of the large sample of data and time to gather evidence,
further time will be required to evidence the empirical data and relationship over time.
Evidence based on the consequences of testing, according to Creswell and
Guetterman (2019), “is the factor that has been introduced into the quantitative validity
discussion” (p. 162). According to NYSED (2019), the evidence in the report supports
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the conclusion that the test is being used for its intended use and that “social
consequences are not likely to be traced to characteristics or qualities of the test itself” (p.
38). For colleges and universities who use this exam to base admissions and/or
acceptance should refer to the scoring procedures for the Regents Examination in Algebra
I and ensure it is appropriate for use in this manner. NYSED (2019) notes that evidence
in the report, “supports the use of the Regents Examination in Algebra I scores for the
purposes described” (p. 38).
Research Design
The research design in this study is a causal-comparative design. According to
Creswell and Guetterman (2019), a causal-comparative design is one where researchers
may use groups already in place, “however, in this design, there is no experimental
manipulation by the researcher; instead, this approach involves selecting two groups that
differ on some variable of interest and comparing them on one or more dependent
variables” (p. 313). In this study, there is assignment of participants to groups already in
place as archived schedules and data are utilized and groups are compared on two
dependent variables (Algebra Final Scores, Algebra Regents Scores). As the data being
utilized in this study is archived and already exists, Fraenkel et al. (2019) suggest that in a
causal-comparative study, “investigators attempt to determine the cause or consequences
of differences that already exist between or among groups of individuals” (p. 344). This
study used archived data of two different samples, those students who participated in
physical education class prior to algebra instruction and those who participated in
physical education after algebra instruction. The statistical significance of the time
interval between physical education and math, specifically the before and after groups
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outcomes in their algebra course scores and New York State Algebra I Examination
Scores are analyzed. Further, the interaction effect of gender and economic status was
analyzed to examine if gender, economic status, and time of physical education impact
mathematics achievement.
Data Collection
The researcher is an employee in the district where the data is being analyzed.
The researcher collected data by working with the district Administrative Assistant for
Information Systems, Management, Reporting and Testing to compile data from the
2017-2018 and 2018-2019 academic school years. The data were extracted from the
school district management system eSchool Data System. Once filtered, the data were
exported into a Microsoft Excel Document.
Data Analysis
Data were imported from Microsoft Excel to SPSS 27.0 software and analyzed by
the researcher. The initial statistical analysis that the researcher used in this study was a
two-independent samples t-test to examine if there was a statistically significant
difference between the students who participated in physical education before algebra
instruction and those who participated in physical education after algebra instruction on
the two dependent variables (Algebra Final Scores, Algebra Regents Scores). According
to Privitera (2018), a two-independent sample t test “is used to compare the mean
difference between two groups; specifically, to test hypothesis regarding the difference
between two population means” (p. 288). The second analysis performed was the oneway analysis of covariance (ANCOVA) to examine if there was a statistically significant
difference for each of the dependent variables, Algebra Final Scores and Algebra Regents
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Scores based on the time of physical education, while controlling for math 8 scores.
According to Fraenkel et al. (2019), the ANCOVA “enables the researcher to adjust the
posttest mean scores on the dependent variable for each group to compensate for the
initial differences between the groups on the pretest” (p. 230). In this analysis the pretest
was considered the covariate (math 8 scores) which accounted for the initial differences
between the groups’ dependent variable (algebra final scores and algebra regents scores).
Further, to build on that analysis, the one-way multivariate analysis of covariance
(MANCOVA) was utilized. The MANCOVA “extends ANCOVA to include two or more
dependent variables in the same analysis” (Fraenkel et al., 2019, p. 231). In this research
study, the two dependent variables utilized were the mean Algebra Final Scores and the
mean 2019 New York State Algebra I Regents Examination Scores, suggesting that the
MANCOVA was the correct statistical analysis for this study. The researcher aimed to
determine through this analysis whether there were any significant differences between
the independent variable, Physical Education Periods, which include six levels (-1, -2, -3,
+1, +2, +3), on the combined dependent variables, while controlling for students’ Math 8
Scores (covariate).
The researcher utilized several analyses to examine the interaction effect of the
independent variables, time of physical education, gender, and economic status on the
dependent variables, Algebra Final Scores and Algebra Regents Scores. The first analysis
the researcher used was two two-way between subjects factorial analysis of variance
(ANOVA) to examine the interaction effects of the independent variables gender x
physical education periods and economic status x time of physical education on each
dependent variable (Algebra Final Scores, Algebra Regents Scores). According to
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Privitera (2018), by using this design, “different participants are observed in each group
created by combining the levels of two factors” (p. 446). In this analysis, the combining
of the independent variables on each dependent variable justifies this analysis for this
study. Further, according to Mertler and Reinhart (2017), “Factorial analysis of variance
allows the researcher not only to test the significance of group differences, based on
levels of the two independent variables, but also to test for any interaction effects
between the levels of the independent variables” (p. 75).
To build on the ANOVA, the researcher utilized a multiple regression analysis to
examine the effect of the predictor variables (physical education periods, gender, and
economic status) on the dependent variables (Algebra Final Scores, Algebra Regents
Scores). Creswell and Guetterman (2019) suggest that multiple regression “is a statistical
procedure for examining the combined relationship of multiple independent variables
with a single dependent variable” (p. 355). This analysis was run for each dependent
variable using the three predictor variables (physical education periods, gender, and
economic status) to examine the correlation.
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CHAPTER 4: RESULTS
The purpose of this chapter is to present the results gathered from this quantitative
study. The quantitative data were collected through the school district Administrative
Assistant for Information Systems, Management, Reporting and Testing. The archived
data were filtered through the student management program, eSchool Data System to
access data from the 2017-2018 and 2018-2019 academic school years. The data were
downloaded from the eSchool Data System as a Microsoft Excel document and inputted
by the researcher to SPSS 27.0 software where it was analyzed.
Data were interpreted by the researcher aligned with the causal-comparative
research design to answer the research questions posed:
1. Will there be significant mean differences in 9th graders’ math achievement
(Algebra Final Scores and Algebra Regents Scores) between students who
participate in physical education before and those after math class?
2. Will there be significant mean differences in 9th graders’ math achievement
(Algebra Final Scores and Algebra Regents Scores, and their combined scores)
while controlling for 8th grade Math Scores between students who participate in
physical education before and those after math class?
3. To what extent is students’ math achievement (Algebra Final Scores and Algebra
Regents Scores) influenced by gender and time of physical education?
4. To what extent is students’ math achievement (Algebra Final Scores and Algebra
Regents Scores) influenced by economic status and time of physical education?
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5. To what extent do Time of Physical Education, Gender, and Economic Status
predict students’ Algebra Final Scores and Algebra Regents’ Scores?
Results
Research Question #1: Will there be significant mean differences in Algebra Final
Scores and Algebra Regents Scores between students who participate in physical
education before and those after math class?
Two independent sample t tests were selected for the first research question to
determine if there was a significant difference in the students’ (N = 220) mean Algebra
Final Scores and Algebra Regents Scores depending on type of physical education
(before, after). Students’ mean Algebra Final Scores and Algebra Regents Scores were
analyzed for students who participated in physical education before math instruction (N =
114) and students who participated in physical education after math instruction (N =
106). The alpha level chosen for the analysis was .05.
Prior to running the independent samples t test for the dependent variable,
Algebra Final Scores, the data were screened. There were no outliers in the data, as
assessed by inspection of a boxplot. Q-Q plots and Histograms with normal curves
demonstrated normal distributions of algebra final scores for before (N = 114) and after
(N = 106) indicated in Figures 4, 5, 6, and 7.
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Figure 4
Histogram of Algebra Final Scores for Before Algebra Instruction Physical Education

Figure 5
Histogram for Algebra Final Scores for After Algebra Instruction Physical Education

72

Figure 6
Q-Q plot for Algebra Final Score Before Algebra Instruction Physical Education

Figure 7
Q-Q plot for Algebra Final Scores for After Algebra Instruction Physical Education
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Homogeneity of variance was not violated, as the Levene’s test result was not
significant, F(1, 218) = 3.642, p = .058. The Shapiro-Wilks test revealed a nonsignificant result for before (p = .233) and a non-significant result for after (p = .067).
The independent samples t test was then conducted. The Algebra Final Scores for
students who participated in physical education before math instruction had a higher
mean score (M = 78.52, SD = 8.352) than students who participated in physical education
after math instruction (M = 71.95, SD = 9.909). The mean difference of 6.565 in Algebra
Final Scores was significant, t(218) = 5.326, p < .001, as is shown in Table 3. The
significant result had an effect size of Cohen’s d = .72, which is classified as large. The
null hypothesis was rejected.
Table 3
Algebra Final Mean Scores for Students who Participated in Physical Education before
Math Instruction versus Students who Participated after Math Instruction

Before

M

SD

t(218)

p

78.52

8.352

5.326

.000***

After
71.95
9.909
Note: Before (N=114), After (N=106). ***p < .001
The results indicated that there was a statistically significant mean difference in
students’ Algebra Final Scores between students who participate in physical education
before math instruction and those who participate in physical education after math
instruction.
The researcher then analyzed the independent samples t test assumptions for the
dependent variable, Algebra Regents Scores. Prior to running the independent samples t
test for this variable, the data were screened. There were two outliers in the data (49,
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218), which were deleted by the researcher. Histograms with normal curves demonstrated
reasonable normal distributions for algebra regents scores with slight negative skewness
for after at -.732 (Figures 8 and 9).
Figure 8
Histogram for Algebra Regents Scores for Before Algebra Instruction Physical Education

Figure 9
Histogram for Algebra Regents Scores for After Algebra Instruction Physical Education
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Homogeneity of variance was violated, as the Levene’s test result was significant,
F(1, 216) = 10.615, p = .001. Winer et al. (1991) suggests, “A reasonable statement is
that the analysis of variance F statistic is robust with regard to moderate departures from
normality when sample sizes are reasonably large and are equal” (p. 101), which pertains
to this analysis.
The Shapiro-Wilks test revealed a significant result for before (p = .002) and a
significant result for after (p < .001). According to Laerd Statistics (2015), an
independent samples t test can be run as, it is fairly robust to deviations from normality”
(para. 4). Further, Laerd Statistics (2015), suggests that the Shapiro-Wilk test is
recommended if you have small sample sizes (< 50 participants), which in this analysis
the participants in each group are greater than 50. The independent samples t test was
then conducted by the researcher.
The Algebra Regents Scores for students who participated in physical education
before math instruction had a higher mean score (M = 77.79, SD = 6.897) than students
who participated in physical education after math instruction (M = 72.85, SD = 9.386).
The mean difference of 4.937 in Algebra Regents Scores was significant, t(216) = 4.442,
p < .001, as is shown in Table 4. The significant result had an effect size of Cohen’s d =
.6, which is classified as medium. The null hypothesis was rejected.
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Table 4
Algebra Regents Mean Scores for Students who participated in Physical Education
before Math Instruction versus Students who participated after Math Instruction
M

SD

t(216)

p

Before

77.79

6.897

4.442

.000***

After

72.85

9.386

Note: Before (N=112), After (N=106). ***p < .001
The results indicated that there was a statistically significant mean difference in
students’ Algebra Regents Scores between students who participate in physical education
before math instruction and those who participate in physical education after math
instruction.
Research Question #2: Will there be significant mean differences in 9th graders’
math achievement (Algebra Final Scores and Algebra Regents Scores, and their
combined scores) while controlling Math 8 Scores between students who participate
in physical education before and those after math class?
To answer research question #2, the researcher conducted two one-way between
subjects analysis of covariance (ANCOVA) for each dependent variable (Algebra Final
Scores, Algebra Regents Scores) on the independent variable, Before and After Physical
Education Periods, which has six levels (-1, -2, -3, +1, +2, +3). Each period is forty
minutes in length. The -1 group consists of the scores of students who participated in
physical education one period before math instruction (0-40 minutes). The -2 group
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consists of the scores of students who participated in physical education four and five
periods before math instruction (40-80 minutes). The -3 group consists of the scores of
students who participated in physical education three periods before math instruction (80120 minutes). The +1 group consists of the scores of students who participated in
physical education one period after math instruction (0-40 minutes). The +2 group
consists of the scores of students who participated in physical education two periods after
math instruction (40-80 minutes). The +3 group consists of the scores of students who
participated in physical education three periods after math instruction (80-120 minutes).
A one-way between subjects ANCOVA was chosen as the appropriate analysis to
determine whether there were any statistically significant differences among the means of
the Algebra Final Scores and Algebra Regents Scores by Physical Education Periods,
while controlling for Math 8 Scores. According to Fraenkel et al. (2019), the “ANCOVA
enables the researcher to adjust the posttest mean scores on the dependent variable for
each group to compensate for the initial differences between the groups on the pretest”
(p. 230). The posttest in this study would be the dependent variables (Algebra Final
Scores, Algebra Regents Scores) while controlling for the differences between the sample
on the pretest, Math 8 Scores, which are the scores of the students’ previous school years
math exit scores. The alpha level chosen for the analysis was .05.
The data were screened and there were no missing values or coding errors. The
assumption tests were then run to determine if the data were appropriate to use with the
one-way ANCOVA. There was a linear relationship between Algebra Final Scores and
Math 8 Scores for each physical education period, as assessed by visual inspection of a
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scatterplot (Figure 10). There was a homogeneity of regression slopes as the interaction
term was not statistically significant, F(5, 208) = 1.128, p = .347.
Figure 10
Scatterplot of Algebra Final Scores by Math 8 Scores by Physical Education Period

The dependent variable, Algebra Final Scores, and the covariate, Math 8 Scores,
were continuous. The independent variable, Physical Education Periods, was categorical
with six levels (-1, -2, -3, +1, +2, +3) and there was independence of observations as no
participants were in more than one group on the independent variable. The Shapiro-Wilk
test showed normally distributed standardized residuals and revealed non-significant
results for periods -3 (p = .905), -2 (p = .105), -1 (p = .080), +1 (p = .240), +2 (p = .787),
and +3 (p = .575). There was homoscedasticity, as assessed by visual inspection of the
standardized residuals plotted against the predicted values as shown in Figure 11.
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Figure 11
Scatter Plot of Standardized Residuals for Algebra Final Scores by Predicted Value for
Algebra Final Scores by Before and After Math Physical Education Periods

The Levene’s Test of Variances was non-significant, which indicated that there
was homogeneity of variances, F(5, 214) = 1.677, p = .141. There was one outlier with a
standardized residual greater than ±3 (74) at -3.11, which was not deleted after inspection
by the researcher.
The one-way between-subjects ANCOVA was then conducted. There was a
statistically significant difference in mean Algebra Final Scores between physical
education periods after controlling for Math 8 Scores, F(5, 213) = 18.336, p < .001, as
shown in Table 5. The effect size was partial 2 = .301, which is classified as large.
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Table 5
ANCOVA Results of Algebra Final Scores based upon type of Physical Education Period
Source



Before After Groups
Error
Total
Note. ***p < .001

SS

df

MS

F

p



3765.95

5

753.189

18.336

.000***

0.301

8749

213

41.076

1269788

220

A Bonferroni post hoc test revealed that there was a statistically significant mean
difference in Algebra Final Scores between Period -1 and Period +1 (MD = 8.967, SE =
1.309, p < .001), between Period -1 and Period +2 (MD = 6.581, SE = 1.476, p < .001),
and between Period -1 and Period +3 (MD = 10.841, SE = 1.548, p < .001). There was a
statistically significant mean difference between Period -2 and Period +1 (MD = 7.820,
SE = 1.486, p < .001), between Period -2 and Period +2 (MD = 5.433, SE = 1.663, p =
.019), and between Period -2 and Period +3 (MD = 9.694, SE = 1.701, p < .001). There
was a statistically significant mean difference between Period -3 and Period +1 (MD =
7.357, SE = 1.471, p < .001), between Period -3 and Period +2 (MD = 4.970, SE = 1.647,
p = .043), and between Period -3 and Period +3 (MD = 9.230, SE = 1.687, p < .001).
There was no statistically significant difference in mean Algebra Final Scores between
periods -1, -2, and -3. Due to the significant results, the null hypothesis was rejected.
Students’ mean Algebra Final Scores varied by time of physical education, while
controlling for Math 8 Scores. Specifically, students who participated in physical
education one to three periods prior to math instruction performed better in the course
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than those students who participated in physical education in periods one through three
after math instruction.
The researcher also conducted a one-way between subjects analysis of covariance
(ANCOVA) to determine whether there were any statistically significant differences
among the means of the Algebra Regents Scores by Physical Education Periods, while
controlling for Math 8 Scores. The alpha level chosen for the analysis was .05.
The data were screened and there were no missing values or coding errors. The
assumption tests were then run to determine if the data were appropriate to use with the
one-way ANCOVA. There was a linear relationship between Algebra Regents Scores and
Math 8 Scores for each physical education period, as assessed by visual inspection of a
scatterplot (Figure 12). There was a homogeneity of regression slopes as the interaction
term was not statistically significant, F(5, 208) = .661, p = .653.
Figure 12
Scatterplot of Algebra Regents Scores by Math 8 Scores by Physical Education Period
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The dependent variable, Algebra Regents Scores and the covariate, Math 8 Scores
were continuous. The independent variable, Physical Education Periods was categorical
with six levels (-1, -2, -3, +1, +2, +3) and there was independence of observations as no
participants were in more than one group on the independent variable. The Shapiro-Wilk
test showed normally distributed standardized residuals and revealed non-significant
results for period -3 (p = .661), and period -2 (p = .604). There was a significant result for
-1 (p = .002), +1 (p = .002), +2 (p = .005), and +3 (p = .008). According to Laerd
Statistics (2017), “the one-way ANCOVA is fairly robust to deviations from normality”
(para. 4). There was homoscedasticity, as assessed by visual inspection of the
standardized residuals plotted against the predicted values as shown in Figure 13.
Figure 13
Scatter Plot of Standardized Residuals for Algebra Regents Scores by Predicted Value for
Algebra Final Scores by Before and After Math Physical Education Periods
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The Levene’s Test of Variances was non-significant, which indicated that there
was homogeneity of variances, F(5, 214) = 1.729, p = .129. There were two outliers with
a standardized residual greater than ±3 (53) at -4.29, and (199) at -3.27. These data points
were investigated by the researcher and were deleted after inspection.
The one-way between-subjects ANCOVA was then conducted. There was a
statistically significant difference in mean Algebra Regents Scores between physical
education periods after controlling for Math 8 Scores, F(5, 211) = 10.329, p < .001, as
shown in Table 6. The effect size was partial 2 = .197, which is classified as large.
Table 6
ANCOVA Results of Algebra Regents Scores based upon type of Physical Education
Period
Source

SS

df

MS

F

p



Before After Groups

1765.720

5

353.144

10.329

.000***

.197

Error

7213.785

211

34.189

1253927

218



Total
Note. *** p < .001

A Bonferroni post hoc test revealed that there was a statistically significant mean
difference in Algebra Regent Scores between Period -1 and Period +1 (MD = 6.705, SE =
1.195, p < .001), and between Period -1 and Period +3 (MD = 7.086, SE = 1.427, p <
.001). There was a statistically significant mean difference between Period -2 and Period
+1 (MD = 5.680, SE = 1.356, p = .001), and between Period -2 and Period +3 (MD =
6.061, SE = 1.567, p = .002). There was a statistically significant mean difference
between Period -3 and Period +1 (MD = 5.528, SE = 1.342, p = .001), and between
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Period -3 and Period +3 (MD = 5.908, SE = 1.555, p = .003). There was no statistically
significant difference in mean Algebra Regents Scores between periods -1, -2, and -3 and
+2. Due to the significant results, the null hypothesis was rejected. Students’ mean
Algebra Regents Scores varied by time of physical education, while controlling for Math
8 Scores. Specifically, students who participated in physical education one to three
periods prior to math instruction performed better on the standardized test than those
students who participated in physical education in periods one and three periods after
math instruction.
To further build on the ANCOVA, a one-way multivariate analysis of covariance
(MANCOVA) was conducted to determine if type of physical education period (-3, -2, 1, +1, +2, +3) made a difference in students’ combined algebra final scores and algebra
regents scores, while controlling for math 8 scores. The MANCOVA “extends ANCOVA
to include two or more dependent variables in the same analysis” (Fraenkel et al., 2019,
p. 231). Prior to the test, variables were screened for missing values and coding errors.
There were no missing values or coding errors.
Assumption tests were then conducted. The dependent variables, algebra final
scores, algebra regents scores, and covariate, math 8 scores were continuous variables.
The independent variable, physical education had six categorical groups (-3, -2, -1, +1,
+2, +3). There was no relationship between the participants in each group thereby
verifying independence of observations and an adequate sample size of 220 participants.
There was a reasonably linear relationship between each pair of dependent variables
Algebra Final Scores and Algebra Regents Scores for each physical education group, as
assessed by visual inspection of a scatterplot. There was a reasonably linear relationship
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between the covariate, Math 8 Scores, physical education groups, and each of the
dependent variables, Algebra Final Scores and Algebra Regents Scores (Figures 14, 15,
16, 17, 18, 19).
Figure 14
Scatter Plot Matrix for Algebra Final Scores, Algebra Regents Scores, Math 8 Scores by
Physical Education Period -3
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Figure 15
Scatter Plot Matrix for Algebra Final Scores, Algebra Regents Scores, Math 8 Scores by
Physical Education Period -2

Figure 16
Scatter Plot Matrix for Algebra Final Scores, Algebra Regents Scores, Math 8 Scores by
Physical Education Period -1
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Figure 17
Scatter Plot Matrix for Algebra Final Scores, Algebra Regents Scores, Math 8 Scores by
Physical Education Period +1

Figure 18
Scatter Plot Matrix for Algebra Final Scores, Algebra Regents Scores, Math 8 Scores by
Physical Education Period +2
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Figure 19
Scatter Plot Matrix for Algebra Final Scores, Algebra Regents Scores, Math 8 Scores by
Physical Education Period +3

There was heterogeneity of regression slopes, as assessed by the non-significant
interaction term between physical education periods and math 8 scores, F(10, 414) =
.860, p = .571. There was one univariate outlier in the data as assessed by standard
residuals greater than ±3 standard deviations for Algebra Final Scores (43 at -3.11) and
two for Algebra Regents Scores (53 at -4.29, and 199 at -3.27) and deleted by the
researcher. There were no multivariate outliers in the data, as assessed by Mahalanobis
distance (p > .001) at a critical value of 13.82 (Laerd Statistics, 2017). The Shapiro-Wilk
test showed revealed non-significant results for residuals for Algebra Final Scores’ period
-3 (p = .905), period -2 (p = .310), period -1 (p = .080), period +1 (p = .240), period +2 (p
= .349), and period +3 (.704). Residuals for Algebra Regents Scores revealed a nonsignificant result for period -3 (p = .661), period -2 (p = .341), period +2 (p = .108), and
period +3 (p = .211). There was a significant result for -1 (p = .002), and period +1 (p =
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.002), According to Laerd Statistics (2017), “the one-way MANCOVA is fairly robust to
deviations from normality” (para. 3). Homogeneity of variance for Algebra Final Scores
was met as evident by a significant Levene’s test, F(5, 211) = 1.714, p = .133. The
Homogeneity of variance for Algebra Regents Scores was met as evident by a nonsignificant Levene’s test, F(5, 211) = 1.821, p = .110.
MANCOVA results indicated a statistically significant difference between
physical education periods on the combined dependent variables (Algebra Final Scores,
Algebra Regents Scores), after controlling for Math 8 Scores, F(10, 418) = 9.526, p <
.001,Wilks’ λ = .663, η2 = .186, which is considered large. The researcher rejected the
null hypothesis. When combining the Algebra Final Scores and Algebra Regents Scores
by physical education periods, while controlling for Math 8 Scores, students’ combined
mean scores were statistically different (Table 4).
A Bonferroni post hoc test revealed that there was a statistically significant
adjusted mean difference in Algebra Final Scores between Period -1 and Period +1 (MD
= 9.026, SE = 1.266, p < .001), and between Period -1 and Period +2 (MD = 6.169, SE =
1.439, p < .001), and between Period -1 and Period +3 (MD = 10.493, SE = 1.511, p <
.001). There was a statistically significant adjusted mean difference between Period -2
and Period +1 (MD = 8.499, SE = 1.451, p < .001), and between Period -2 and Period +2
(MD = 5.642, SE = 1.637, p = .010), and between Period -2 and Period +3 (MD = 9.966,
SE = 1.673, p < .001). There was a statistically significant mean difference between
Period -3 and Period +1 (MD = 7.355, SE = 1.421, p < .001), and between Period -3 and
Period +3 (MD = 8.822, SE = 1.647, p < .001). There was a statistically significant
adjusted mean differences in Algebra Regents Scores between Period -1 and Period +1

90

(MD = 6.679, SE = 1.184, p < .001), and between Period -1 and Period +3 (MD = 7.061,
SE = 1.413, p < .001). There was no statistically significant difference between periods -1
and periods -2, and +2. There was a statistically significant adjusted mean difference
between Period -2 and Period +1 (MD = 6.125, SE = 1.357, p < .001), and between
Period -2 and Period +3 (MD = 6.507, SE = 1.565, p = .001). There was no statistically
significant difference between periods -2 and periods -1, -3, and +2. There was a
statistically significant mean difference between Period -3 and Period +1 (MD = 5.528,
SE = 1.329, p = .001), and between Period -3 and Period +3 (MD = 5.910, SE = 1.540, p
= .002). There was no statistically significant difference between periods -3 and periods 2, -1, and +2. Due to the significant results, the null hypothesis was rejected. Students’
adjusted mean combined Algebra Final Scores and Algebra Regents Scores varied by
time of physical education, while controlling for Math 8 Scores. Specifically, students
who participated in physical education one to three periods prior to math instruction
performed better than those students who participated in physical education in periods
one and three after math instruction.
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Table 7
Means and Standard Deviations for Algebra Final Scores and Algebra Regents Scores
for Each Physical Education Period
Algebra Final Scores

Algebra Regents Scores

m
sd
m
Periods
79.81
7.569
78.74
-3
81.41
8.724
79.76
-2
76.58
7.692
75.45
-1
72.31
10.164
73.08
+1
72.90
8.334
74.00
+2
+3
70.58
11.458
72.46
Note: -3 (N=31), -2 (N=29), -1 (53), +1 (49), +2 (29), +3 (26)

sd
6.743
6.749
7.994
9.689
8.242
9.240

Research Question #3: To what extent is students’ math achievement (Algebra Final
Scores and Algebra Regents Scores) influenced by gender and time of physical
education?
A two-way (2x6) between-subjects ANOVA was chosen to analyze the data and
answer the research question. This was an appropriate statistical analysis to use since
there were two independent variables with categorical levels and a continuous dependent
variable. The rationale for choosing the two-way between-subjects ANOVA was to
compare the mean differences between groups that have been split on two factors and to
understand if there was an interaction between the two independent variables on the
dependent variable. An alpha level of .05 was chosen to test for significance.
The assumption tests for a two-way between-subjects ANOVA were conducted
prior to running the statistical analysis. The dependent variable (Algebra Final Scores)
was measured on a continuous scale. The two independent variables gender (male,
female), and Before After Periods (-3, -2, -1, +1, +2, +3), were categorical with two and

92

six levels respectively. There was independence of observations as there were different
participants in each level of each group. The test for normality indicated that the data
were normally distributed and revealed no outliers. This was evident by examining the QQ plots and the non-significant Shapiro-Wilk test results (male -3, p = .704, male -2, p =
.052, male -1, p = .306, male +1, p = .902, male +2, p = .364, male +3, p = .145, female 3, p = .418, female -2, p = .174, female -1, p = .306, female +1, p = .256, female +2, p =
.098, female +3, p = .146). The test for homogeneity of variance was not significant as
evident by the Levene’s test result, F(1, 208) = 1.527, p = .124, therefore the assumption
was met.
Results for the study indicated that there was a significant interaction effect
between gender and before after periods (AxB), F(5, 208) = 2.369, p = .041. The
interaction effect had an effect size of η2 = .054, which is considered medium. The null
hypothesis for the interaction effect was rejected.
The main effect of gender showed a non-significant difference in Algebra Final
Scores, F(1, 208) = 3.029, p = .083, with an effect size of η2 = .014, which is small. The
null hypothesis for Factor A was retained. The main effect of before after periods did
show a significant difference in the Algebra Final Scores, F(5, 208) = 7.441, p < .001, as
is shown in Table 8. Before After Periods had an effect size of η2 = .152, which is large.
The null hypothesis for Factor B was rejected.
The interaction effect was significant, therefore the post hoc analysis using simple
effects was computed. For males, there was a significant mean difference between those
participated in physical education period -3 and period +3 (MD = 15.821. SE = 3.521, p <
.001), for males who participated in physical education periods -2 and period +2 (MD =
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9.500, SE = 3.164, p = .045) and periods -2 and period +3 (MD = 15.813, SE = 3.418, p <
.001), and for males who participated in physical education period -1 and period +3 (MD
= 12.723, SE = 2.973, p < .001).
For females, there was a significant mean difference between those who
participated in physical education period -2 and period +1 (MD = 10.064, SE = 3.119, p =
.022). In period +3, there was significant mean difference in mean scores between
females and males (MD = 11.083, SE = 3.466, p = .002).
Table 8
A Two-Way Analysis of Variance of Algebra Final Scores Based on Gender and Before
After Physical Education Periods

Source

SS

df

MS

F

p

242.616

1

242.616

3.029

0.083

2.980.550

5

596.11

7.441

.000***

Gender*Before After Periods
(AxB)

948.709

5

189.742

2.369

0.041

Within (Error)

16662.4

208

80.108

Corrected Total

20560

219

Gender (A)
Before After Periods (B)

Note: **p < .05, ***p < .001
The significant results in the study indicated that males who participated in
physical education one to three periods prior to math instruction had higher mean scores
than males who participated in physical education one to three periods after math
instruction. Females who participated in physical education two periods prior to math
instruction had higher mean scores than females who participated physical education one
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period after math instruction. Further, females had higher mean Algebra Final Scores
than males when participating in physical education three periods after math instruction.
Figure 20
Patterns Found in the Interaction Effect between Gender and Before After Physical
Education Periods for Algebra Final Scores

The assumption tests for a two-way between-subjects ANOVA were conducted
prior to running the statistical analysis. The dependent variable (Algebra Regents Scores)
was measured on a continuous scale. The two independent variables gender (male,
female), and Before After Periods (-3, -2, -1, +1, +2, +3), were categorical with two and
six levels respectively. There was independence of observations as there were different
participants in each level of each group. The test for normality indicated that the data
were reasonably normally distributed. There were five outliers as revealed by using box
plots. The data were run with and without outliers and no significant difference was
found, therefore, the outliers in the data were kept. There were non-significant Shapiro-
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Wilk test results (male -3, p = .130, male -2, p = .299, male +3, p = .591, female -3, p =
.669, female -2, p = .067, female -1, p = .098, female +1, p = .058, female +2, p = .362,
female +3, p = .324). There was a significant Shapiro-Wilk result (male -1, p = .058,
male +1, p = .027, male +2, p = .022); however, according to Maxwell and Delaney
(2004) the ANOVA can be fairly robust to deviations from normality. The test for
homogeneity of variance was not significant as evident by the Levene’s test result, F(1,
208) = 1.322, p = .214, therefore the assumption was met.
Results for the study indicated that there was a significant interaction effect
between gender and before after periods (CxD), F(5, 208) = 2.799, p = .018. The
interaction effect had an effect size of η2 = .063, which is considered medium. The null
hypothesis for the interaction effect was rejected.
The main effect of gender showed a non-significant difference in the Algebra
Regents Scores, F(1, 208) = 2.382, p = .124. The null hypothesis for Factor C was
retained. The main effect of before after periods did show a significant difference in the
Algebra Regents Scores, F(5, 208) = 4.859, p < .001, as is shown in Table 9. Before
After Periods had an effect size of η2 = .105, which is large. The null hypothesis for
Factor D was rejected.
The interaction effect was significant therefore the post hoc analysis using simple
effects was computed. For males, there was a significant mean difference between those
who participated in physical education period -3 and period +3 (MD = 13.214. SE =
3.273, p = .001), for males who participated in physical education periods -2 and period
+3 (MD = 12.875, SE = 3.177, p = .001) and periods -1 and period +3 (MD = 9.514, SE =
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2.764, p = .010), and for males who participated in physical education period +1 and
period +3 (MD = 8.586, SE = 2.856, p = .044).
For females, there was a significant mean difference between those who
participated in physical education period -2 and period +1 (MD = 8.671, SE = 2.899, p =
.047).
Table 9
A Two-Way Analysis of Variance of Algebra Regents Scores Based on Gender and Before
After Physical Education Periods

Source

SS

df

MS

F

p

Gender (C)

164.879

1

164.879

2.382

.124

Before After Periods (D)

1681.435

5

336.287

4.859

Gender*Before After Periods
(CxD)

968.693

5

193.739

2.799

Within (Error)

14395.818

208

69.211

Corrected Total

16941.436

219

.000***
.018**

Note: **p < .05, ***p < .001
The significant results in the study indicated that males who participated in
physical education one to three periods prior to math instruction had higher mean scores
than males who participated in physical education three periods after math instruction.
Females who participated in physical education two periods prior to math instruction had
higher mean scores than females who participated physical education one period after
math instruction. Further, females had higher mean Algebra Regents Scores than males
when participating in physical education one period after math instruction.
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Figure 21
Patterns Found in the Interaction Effect between Gender and Before After Physical
Education Periods for Algebra Regents Scores

Research Question #4: To what extent is students’ math achievement (Algebra Final
Scores and Algebra Regents Scores) influenced by economic status and time of
physical education?
To answer research question #4, a two-way (2x6) between-subjects ANOVA was
utilized to examine the interaction effect of Economic Status x Before After Physical
Education Periods on each dependent variable (Algebra Final Scores and Algebra
Regents Scores). This was an appropriate statistical analysis to use since there were two
independent variables with categorical levels and a continuous dependent variable. An
alpha level of .05 was chosen to test for significance.
The assumption tests for a two-way between-subjects ANOVA were conducted
prior to running the statistical analysis. The dependent variable (Algebra Final Scores)
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was measured on a continuous scale. The two independent variables economic status
(Economically Disadvantaged, Economically Advantaged), and Before After Periods (-3,
-2, -1, +1, +2, +3), were categorical with two and six levels respectively. There was
independence of observations as there were different participants in each level of each
group. The test for normality indicated that the data were normally distributed. This was
evident by examining the Q-Q plots and the non-significant Shapiro-Wilk test results
(economically disadvantaged -3, p = .288, -2, p = .313, -1, p = .125, +1, p = .420, +2, p =
.077, male +3, , p = .144, economically advantaged -3, p = .500, -2, p = .330, -1, p = .930,
+1, p = .587, +2, p = .420, +3, p = .089). The test for homogeneity of variance revealed a
significant result by the Levene’s test result, F(1, 208) = 2.050, p = .025. According to
Jaccard (1998), if group sample sizes are equal or approximately equal and large, there is
normality and the ratio of the largest group variance to the smallest group variance is less
than three, researchers should run the two-way ANOVA anyway because it is somewhat
robust to heterogeneity of variance in these circumstances.
Results for the study indicated that there was no significant interaction effect
between economic status and before after physical education periods (ExF), F(5, 208) =
.700, p = .624. The null hypothesis for the interaction effect was retained.
The main effect of economic status showed a non-significant difference in the
Algebra Final Scores, F(1, 208) = 1.308, p = .254. The null hypothesis for Factor E was
retained. The main effect of before after periods did show a significant difference in the
Algebra Final Scores, F(5, 208) = 6.481, p < .001, as is shown in Table 10. Before After
Periods had an effect size of η2 = .135, which is large. The null hypothesis for Factor F
was rejected.
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The interaction effect was non-significant, however a post hoc analysis using
simple effects was computed. For economically disadvantaged students, there was a
significant mean difference between those who participated in physical education period 3 and period +1 (MD = 7.802. SE = 2.597, p = .045), for economically disadvantaged
students who participated in physical education periods -3 and period +2 (MD = 9.486,
SE = 3.189, p = .049), periods -3 and period +3 (MD = 11.195, SE = 3.117, p = .006), and
for period -2 and +3 (MD = 10.643, SE = 3.445, p = .034).
For economically advantaged students, there was only a significant mean
difference between period -2 and period +1 (MD = 9.345, SE = 3.025, p = .034).
Table 10
A Two-Way Analysis of Variance of Algebra Final Scores Based on Economic Status and
Before After Physical Education Periods
SS

df

MS

F

p

Economic Status (E)

108.680

1

108.680

1.308

.254

Before After Periods (F)

2692.692

5

538.538

6.481

.000***

Economic Status*Before After
Periods (ExF)

290.712

5

58.142

.700

.624

Within (Error)

17284.178

208

83.097

Corrected Total

20560

219

Source

Note: ***p < .001
The non-significant results in the study indicated that there is no interaction effect
between students’ economic status and time they participate in physical education on
their Algebra Final Scores. There was a significant effect of time of physical education
on students’ mean scores in Algebra. Further, the post-hoc analysis revealed a significant
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result for economically disadvantaged students who participated in physical education
two to three periods prior to math instruction relative to one to three periods after. For
economically advantaged students there were no significant differences except for those
who participated in physical education two periods prior to math instruction relative to
one period after math instruction.
Figure 22
Patterns Found in the Interaction Effect between Economic Status and Before After
Physical Education Periods for Algebra Final Scores

A two-way (2x6) between-subjects ANOVA was utilized to examine the
interaction effect of Economic Status x Before After Physical Education Periods on
Algebra Regents Scores. This was an appropriate statistical analysis to use since there
were two independent variables with categorical levels and a continuous dependent
variable. An alpha level of .05 was chosen to test for significance.
The assumption tests for a two-way between-subjects ANOVA were conducted
prior to running the statistical analysis. The dependent variable (Algebra Regents Scores)
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was measured on a continuous scale and the two independent variables economic status
(Economically Disadvantaged, Economically Advantaged), and Before After Periods (-3,
-2, -1, +1, +2, +3), were categorical with two and six levels respectively. There was
independence of observations as there were different participants in each level of each
group. The test for normality indicated that the data were reasonably normally
distributed. There were five outliers that were analyzed, and the ANOVA run for both
with and without them. The researcher used the analysis with the inclusion of outliers as
it was concluded that there were no missing data or entry errors or effect on the analysis
results. There was a non-significant Shapiro-Wilk test results (economically
disadvantaged -3, p = .442, -2, p = .767, +3, p = .123, economically advantaged -3, p =
.190). There was a significant result for the Shapiro-Wilks test (economically
disadvantaged -1, p = .023, +1, p = .014, +2, p = .045, economically advantaged -2, p =
.019, -1, p = .003, +2, p = .045, +3, p = .045); however, according to Maxwell and
Delaney (2004), the ANOVA can be fairly robust to deviations from normality. The test
for homogeneity of variance revealed a significant result by the Levene’s test result, F(1,
208) = 2.159, p = .018. According to Jaccard (1998), the researcher may run the two-way
ANOVA anyway because it is somewhat robust to heterogeneity of variance.
Results for the study indicated that there was no significant interaction effect
between economic status and before after physical education periods (GxH), F(5, 208) =
.638, p = .671. The null hypothesis for the interaction effect was retained.
The main effect of economic status did trend towards significance (p = .058);
however, analysis results showed a non-significant difference in the Algebra Regents
Scores, F(1, 208) = 3.634, p = .058. The null hypothesis for Factor G was retained. The
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main effect of before after periods did show a significant difference in the Algebra
Regents Scores, F(5, 208) = 3.909, p = .002, as is shown in Table 11. Before After
Periods had an effect size of η2 = .086, which is between medium and large. The null
hypothesis for Factor H was rejected.
The interaction effect was non-significant; however, a post hoc analysis using
simple effects was computed. There was a significant mean difference in Algebra
Regents Scores between economically disadvantaged and economically advantaged
students when participating in physical education period -1 (MD = -5.521. SE = 2.353, p
= .020).
Table 11
A Two-Way Analysis of Variance of Algebra Regents Scores Based on Economic Status
and Before After Physical Education Periods
SS

df

MS

F

p

Economic Status (G)

258.857

1

258.857

3.634

.058

Before After Periods (H)

1392.503

5

278.501

3.909

.002**

Economic Status*Before After
Periods (GxH)

227.424

5

45.485

.638

.671

Within (Error)

14818.096

208

71.241

Corrected Total

16941.436

219

Source

Note: **p < .05
The non-significant results in the study indicated that there is no interaction effect
between students’ economic status, and time they participate in physical education on
their Algebra Regents Scores. The post-hoc analysis revealed a significant result between
economically disadvantaged students and economically advantaged students Algebra
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Regents Scores who participated in physical education one period prior to Algebra
instruction. The economically disadvantaged students performed 5.5 points higher than
economically advantaged students on the June 2019 New York State Algebra I Regents
Exam when receiving math instruction one period after participation in physical
education.
Figure 23
Patterns Found in the Interaction Effect between Economic Status and Before After
Physical Education Periods for Algebra Regents Scores

Research Question #5: To what extent do Time of Physical Education, Gender, and
Economic Status predict students’ Algebra Final Scores and Algebra Regents
Scores?
To answer research question #5, the researcher used two multiple regression
analyses for each dependent variable (Algebra Final Scores, Algebra Regents Scores) to
examine if time of physical education, economic status, and gender predicted students’
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performance outcomes. According to Fraenkel et al. (2019), “multiple regression is a
technique that enables researchers to determine a correlation between a criterion variable
and the best combination of two or more predictor variables” (p. 328). In this analysis,
the criterion variable was the dependent variables (Algebra Final Scores, Algebra
Regents Scores) and the predictor variables were time of physical education (physical
education periods) with six levels (-3, -2, -1, +1, +2, +3), Economic Status with two
levels (economically disadvantaged, economically advantaged), and Gender with two
levels (male, female).
Prior to running the multiple regression analysis, the assumption tests were
conducted. The relationship between the independent and dependent variable (Algebra
Final Scores) was linear, as was demonstrated with scatterplots (Figure 24).
Figure 24
Scatter Plot of Studentized Residual by Predicted Value for Algebra Final Scores

There was homoscedasticity, as assessed by visual inspection of a plot of
studentized residuals versus unstandardized predicted values (Figure 24). There was no
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multicollinearity in the data. When viewing the collinearity statistics in the SPSS output,
the VIF scores were well below 10 (before after periods = 1.009, gender = 1.001, and
economic status = 1.009). The tolerance scores were above 0.2 (before after periods =
.991, gender = .999, and economic status = .991). Therefore, the multicollinearity
assumption was met. The values of the residuals were independent as were noted by the
Durbin-Watson statistic, which was close to two (Durbin-Watson = 1.903). The variance
of the residuals was constant, which was identified by the plot showing no signs of
funneling clearly indicated in Figure 24, which suggests the assumption of
homoscedasticity has been met. The values of the residuals were normally distributed,
which was evidenced by the histogram (Figure 25) and P-P plot (Figure 26). Finally,
there were no influential cases of biasing or outliers evident in the data, which was
verified by calculating Cook’s Distance values, which were all under 1.00.
Figure 25
Histogram of Regression Standardized Residuals for Algebra Final Scores
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Figure 26
P-P Plot of Regression Standardized Residual for Algebra Final Scores

The multiple regression analysis was run using SPSS and the correlations of three
independent predictor variables (gender, economic status, and physical education
periods) were significantly correlated with the dependent variable, Algebra Final Scores,
F(3,216) = 11.969, p < .001, and indicated that the model accounted for approximately
14.3% of the variance of Algebra Final Scores (R2 = .143, adjusted R2 = .131). The
physical education periods predictor variable contributed to the dependent variable
(Algebra Final Scores), which was (β = -.367, p < .001). Gender (β = .080, p = .206) and
Economic Status (β = .099, p = .120) did not add a statistically significantly prediction to
the model. Physical education periods received the strongest positive weight in the model
and provided the unique contribution of sr2 = .133 or 13.3%, as is shown in Table 12.
Results predict that Algebra Final Scores were equal to the regression equation of:
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Predicted Z AlgebraFinalScores = 0 + (-.367) * (Z BEFOREAFTERPERIODS). The null hypothesis was
rejected. Students’ Algebra Final Scores were significantly predicted by physical
education periods. However, only physical education periods added statistically
significantly to the prediction (p < .001) suggesting that time when students take physical
education statistically significantly predicts Algebra course performance outcomes over
students’ economic status and gender.
Table 12
Summary of Multiple Regression Analysis for Variables Predicting Algebra Final Scores
Algebra Final Scores
Variable

B

SE B

β

Gender

1.559

1.229

.080

Economic Status

1.923

1.231

.099

-1.792

.309

PE Periods
R2

.143

F

11.969***

-.367***

sr2

.133

Note: ***p < .001.
To examine whether time of physical education, economic status, and gender
predict Algebra Regents Scores, the researcher used a multiple regression analysis. Prior
to running the multiple regression analysis, the assumption tests were conducted. The
relationship between the independent and dependent variable (Algebra Regents Scores)
was reasonably linear, as was demonstrated with scatterplots (Figure 27).
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Figure 27
Scatter Plot of Studentized Residual by Predicted Value for Algebra Regents Scores

There was homoscedasticity, as assessed by visual inspection of a plot of
studentized residuals versus unstandardized predicted values (Figure 26). There was no
multicollinearity in the data. When viewing the collinearity statistics in the SPSS output,
the VIF scores were well below 10 (before after periods = 1.009, gender = 1.001, and
economic status = 1.009). The tolerance scores were above 0.2 (before after periods =
.991, gender = .999, and economic status = .991). Therefore, the multicollinearity
assumption was met. The values of the residuals were independent as were noted by the
Durbin-Watson statistic, which was close to two (Durbin-Watson = 1.926). The variance
of the residuals was constant, which was identified by the plot showing no signs of
funneling indicated in Figure 26, which suggests the assumption of homoscedasticity has
been met. The values of the residuals were reasonably normally distributed, which was
evidenced by the histogram (Figure 28) and P-P plot (Figure 29). Finally, there were no
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influential cases of biasing or outliers evident in the data, which was verified by
calculating Cook’s Distance values, which were all under 1.00.
Figure 28
Histogram of Regression Standardized Residuals for Algebra Final Scores

Figure 29
P-P Plot of Regression Standardized Residual for Algebra Final Scores
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The multiple regression analysis was run using SPSS and the correlations of three
independent predictor variables (gender, economic status, and physical education
periods) were significantly correlated with the dependent variable, Algebra Regents
Scores, F(3,216) = 8.855, p < .001, and indicated that the model accounted for
approximately 11% of the variance of Algebra Regents Scores (R2 = .110, adjusted R2 =
.097). Two predictor variables contributed to the dependent variable (Algebra Regents
Scores), physical education periods (β = -.298, p < .001), and economic status (β = .161,
p = .013). Gender (β = .072, p = .262) did not add a statistically significantly prediction to
the model. Physical education periods received the strongest positive weight in the model
and provided the unique contribution of sr2 = .09 or 9% as is shown in Table 13. The
economic status positive weight in the model was sr2 = .026 or 2.6%. From this analysis,
it was concluded that gender had no significant effects on Algebra Regents Scores. This
indicates that time of physical education and economic status are significant predictors of
Algebra Regents Scores, while gender was not in this study. Results predict that Algebra
Regents Scores were equal to the regression equation of: Predicted Z AlgebraRegentsScores = 0
+ (-.298) * (Z BEFOREAFTERPERIODS) + (.161) * (Z ECONOMICSTATUS). The null hypothesis was
rejected. Students’ Algebra Regents Scores were significantly predicted by physical
education periods and economic status.

111

Table 13
Summary of Multiple Regression Analysis for Variables Predicting Algebra Regents
Scores
Algebra Regents Scores
Variable

B

SE B

β

Gender

1.278

1.137

.072

Economic Status

2.845

1.139

.161*

-1.319

.286

PE Periods
R2

-.298***

sr2

.026
.09

.110
8.855***

F
Note: **p < .05, ***p < .001.

Summary

The results of the analyses suggest that there is a statistically significant
difference in 9th grade students’ mean scores in their algebra class and on the end of year
standardized test for those who participated in physical activity through physical
education prior to math instruction. It can be further suggested that economic status may
influence performance outcomes on standardized tests based upon time of physical
education and that scores are different between the same gender based upon time of
physical education. The findings will be discussed in the next chapter.
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CHAPTER 5: DISCUSSION
The purpose of this chapter is to provide an interpretation and concluding analysis
of the chapter 4 results. Further, this chapter will provide a breakdown of how the results
and findings inform the research questions in this study. Additionally, this chapter will
connect the findings to prior research, provide the limitations of the study, and suggest
future implications in research and practice based on the results of the study.
Implications of Findings
The purpose of this causal-comparative quantitative study was to examine
whether there was a statistically significant difference in 9th grade students’ Algebra Final
Scores and June 2019 New York State Algebra I Regents Examination Scores between
students who participated in physical education prior to mathematics instruction and
those students who participated in physical education after mathematics instruction.
Further, the researcher examined if there was an interaction effect between time of
physical education, gender, and economic status on the students’ scores and how strong
these variables predict math achievement.
In connection with the theoretical framework that guided this study, the findings
do suggest that students achieve at a higher level after participating in physical activity.
The brain-based learning theory that was first investigated by Caine and Caine (YEAR)
and further explored by Jensen and McConchie (2020) suggests that during physical
activity, neurogenesis or the creation of neurons occurs, preparing the brain to learn
challenging, relevant material. Jensen and McConchie (2020) further suggest that through
brain-based learning, students who participate in physical activity have improved
cognition, self-regulation, and overall health.
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The conceptual framework in this study was aligned with brain-based learning as
the researcher hypothesized that students’ scores would be improved through
participation in physical activity through physical education. The study revealed that
students who participated in physical activity through physical education followed by
challenging and relevant learning in their Algebra class had higher mean scores than
those students who participated in physical activity through physical education after math
instruction. This aligns with Jensen and McConchie (2020) who theorized that students
would achieve at higher levels when challenging, relevant learning was preceded by
physical activity. The conceptual framework was designed as a product of this theory as
time where students participated in physical education does have relevancy in students’
achievement. The interaction effect of gender and economic status that was examined in
this study also ties in with the conceptual framework as it was also theorized by the
researcher that there were implications in students’ scores’ relationships with time when
they participated in physical education based on their gender and economic status. The
interpretation of the results will be discussed in the next section.
Interpretation of Results
This causal-comparative quantitative study sought to answer five research
questions guided by implications and connections to the theoretical framework and
conceptual framework. The first research question this study intended to answer was:
Will there be significant mean differences in 9th graders’ math achievement (Algebra
Final Scores and Algebra Regents Scores) between students who participate in physical
education before and those after math class?
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After analyzing the data, the results of the independent samples t test revealed a
significant difference in both Algebra Final Scores and Algebra Regents Scores between
9th grade students who participated in physical education prior to Algebra instruction (n =
114) and students who participated in physical education after Algebra instruction (n =
106). The researcher analyzed two samples of students in this analysis by grouping
students who participated in physical education one to three periods prior to Algebra and
compared the scores to those students who participated in physical education one to three
periods after Algebra instruction.
It was found that students’ final mean scores in their Algebra course were
statistically significantly different between students who participated in physical
education prior to Algebra and students who participated in physical education after
Algebra instruction, t(218) = 5.326, p < .001. Students who participated in physical
education one to three periods prior to instruction in their algebra course scored 6.5
points higher than students who participated in physical education one to three periods
after algebra class.
It was also found that students’ scores on the standardized end of the year test
relative to this course (June 2019 Algebra I Regents Exam) were statistically significantly
different between students who participated in physical education prior to instruction in
their Algebra course and those who participated in physical education after t(216) =
4.442, p < .001. The students who participated in physical education one to three periods
prior to instruction in their algebra course scored 5 points higher than students who
participated in physical education one to three periods after algebra class.
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The findings suggest that students who participate in physical activity 0-120
minutes prior to algebra instruction performed on average 6.5 points higher in the class
and 5 points higher on their standardized end of the year exam than students who
participated in physical education 0-120 minutes after receiving algebra instruction.
This first research question in this study provided a baseline for the research. The
researcher analyzed the entire before mathematics physical education group and after
mathematics physical education group to assess if there was a statistically significant
difference in their mean scores. The remaining research questions sought to answer if
there was any statistically significant difference in mean scores based on the specific
physical education class period students participated in before or after math.
The second research question posed by the researcher in this study was: Will there
be significant mean differences in 9th graders’ math achievement (Algebra Final Scores
and Algebra Regents Scores, and their combined scores) while controlling for 8th grade
Math Scores between students who participate in physical education before and those
after math class?
This research question was answered using two different types of analysis. The
researcher, to examine the difference in mean scores for each physical education period
while controlling for baseline scores, first used the ANCOVA. For the first part of the
question, an ANCOVA was run to examine the difference in mean Algebra Final Scores
between the periods that students were scheduled for physical education. It was found
that there was a statistically significant difference in students’ mean algebra course scores
based on the time they participated in physical education, F(5,213) = 18.336, p < .001. A
post hoc analysis revealed that there was a statistically significant difference in students’
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Algebra Course Scores between students who participated in physical education 0-120
minutes before instruction and those who participated in physical education 0-120
minutes after instruction. Students who participated in physical education 0-40 minutes
(period -1) prior to instruction in their Algebra course scored on average 8.8 points higher
in the course than students who participated in physical education 0-120 minutes after
instruction (periods +1, +2, +3). Further, students who participated in physical education
40-80 minutes (period -2) prior to math instruction scored on average 7.7 points higher in
the course. Students who participated in physical education 80-120 minutes prior to
instruction scored 7.2 points higher in the course than students who participated in
physical education one to three periods after instruction.
A separate ANCOVA was utilized by the researcher to examine the differences in
mean scores on the standardized end of year assessment, the June 2019 New York State
Algebra I Regents Examination. The research analyzed the scores on this assessment
between 9th grade students who participated in physical education prior to math
instruction and 9th grade students who participated in physical education after math
instruction. Results from this analysis informed the research question by providing
findings that supported the notion that there was a statistically significant difference
between students’ scores based on time participating in physical education, while
controlling for the students’ baseline grade 8 math scores, F(5, 211) = 10.329, p < .001.
The researcher used a post hoc analysis to investigate if there was any statistical
significance between physical education periods. It was found that there were statistically
significant different results found between students who participated in physical
education 0-40 (period -1) minutes prior to math instruction and students who
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participated in physical education 0-40 minutes and 80-120 minutes after math
instruction. Students in period -1 scored on average 6.9 points higher on the standardized
test than students in periods +1 and +3. Additional findings by the researcher found that
students who participated in physical education 40-80 minutes (periods -2) prior to math
instruction scored on average 5.9 points higher on the standardized test than students who
participated in physical education after math instruction 0-40 minutes (period +1) and 80120 minutes (period +3). It was also found that students who participated 80-120 minutes
(period -3) outperformed students who participated 0-40 minutes (periods +1) and 80-120
minutes (periods +3) after math instruction by an average of 5.7 points on their Algebra
Regents exam. There was no statistically significant difference between students who
participated in physical education 0-120 minutes prior to math instruction and students
who participated in physical education 40-80 (period +2) minutes after math instruction.
This finding does provide reason to further investigate these results, however it was
found that students who participated 0-120 minutes prior to math instruction on average
scored 3.7 points higher on the standardized exam than students who participated in
physical education 40-80 minutes (+2) after math instruction. This result was found to be
non-significant (p = .058) at the .05 level but is worthy of noting.
The second part of research question #2 examined the mean differences of the
combined scores of students’ Algebra Course and Algebra Regents exam, while
controlling for their baseline grade 8 math scores. The researcher used a MANCOVA to
analyze the results which revealed a statistically significant difference in mean combined
scores, F(10, 418)) = 9.526, p < .001. This result revealed that the combined mean scores
of the algebra course scores and algebra regents scores, which have been adjusted by the
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continuous baseline math 8 scores, differed between each physical education period. The
post hoc test results of this analysis are interpreted with each ANCOVA as previously
discussed. The significant result of the MANCOVA reveals that there is a significant
difference in students’ mean combined scores, which also strengthens the result of the
two ANCOVA analysis on Algebra Final Scores and Algebra Regents Scores. Students
who participated in physical education prior to math instruction outperformed in both
their Algebra course and the end of year standardized test than students who participated
in physical education after math instruction.
The researcher sought to answer research question #3, which posed: To what
extent is students’ math achievement (Algebra Final Scores and Algebra Regents Scores)
influenced by gender and time of physical education?
A 2x6 factorial ANOVA was run by the researcher and findings revealed that
there was a significant interaction effect between gender and time where students
participated in physical education in both their Algebra course scores and their scores on
the Algebra I Regents examination.
It was found that there was an interaction effect between gender and time of
physical education (p = .041). Due to this result, the researcher investigated the simple
effects of gender and time of physical education on the dependent variable Algebra Final
Scores. The finding revealed that there was a significant difference in Algebra Final
Scores based upon time of physical education periods (p < .001) but not by gender (p =
.083). Upon further investigation by the researcher, the post hoc analysis did reveal
significant differences in scores between male students who participated in physical
education 40-120 minutes (periods -2, -3) prior to math instruction and males who
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participated in physical education 40-120 minutes (+2, +3) after math instruction. Males
who participated 40-120 minutes prior to math instruction scored on average 13.7 points
higher in the course than males who participated in physical education 40-120 minutes
after math instruction. Further, male students who participated in physical education 0-40
minutes prior to math instruction scored on average 12.7 points higher than male students
who participated in physical education 80-120 minutes after math instruction. The only
significant finding for female students were for those who participated in physical
education 40-80 minutes before math instruction compared to females who participated
in physical education 80-20 minutes after math instruction where they scored 12.7 points
higher in the course. There was no significant difference in scores between male and
female students based on time of physical education which does suggest that students’
scores in their Algebra course are significantly impacted by the time they participate in
physical education regardless of gender.
It can be further noted that 9th grade male and female students who participated in
physical education prior to math instruction performed significantly better in their
Algebra course than those students who participated in physical education after.
A significant interaction main effect was also found between gender and time of
physical education for Algebra Regents Scores, F(208) = 2.799, p = .018. As in the
previous analysis, there was a significant main effect for the time students participated in
physical education on their Algebra Regents Scores (p < .001) and a non-significant
effect for gender (p = .124). It was found that there was a significant difference in mean
standardized test scores for male students who participated in physical education 0-120
minutes (-3, -2, -1) prior to math instruction than male students who participated in
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physical education 0-120 minutes after math instruction. Male students scored on average
11.9 points higher on the standardized exam than male students who participated in
physical education after math instruction. This is a significant finding in this study and
indicates that male students who participate in physical activity prior to receiving
instruction in their math class perform significantly better than those who participate in
physical activity after math instruction. Additionally, it was found that female students
who participate in physical education 40-80 minutes prior to math scored on average 8.6
points higher on the standardized test compared to female students who participate in
physical education 0-40 minutes after math.
Research question #4 posed: To what extent is students’ math achievement
(Algebra Final Scores and Algebra Regents Scores) influenced by economic status and
time of physical education?
The researcher also used a 2x6 factorial ANOVA to examine the interaction effect
between economic status and time of physical education on 9th grade students’ scores in
their Algebra course. It was found that there was no interaction effect between economic
status and time of physical education on students’ scores in their Algebra course (p =
.624). The main effect of time of physical education did reveal a significant result (p <
.001) and economic status did not have a significant result (p = .254).
Through a post hoc analysis, the researcher did examine the differences in mean
scores for students based on economic status. It was found that economically
disadvantaged students who participated in physical education 40-120 minutes prior to
math instruction scored on average 9.7 points higher in their algebra course than
economically disadvantaged students who participated in physical education 0-120
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minutes after math instruction. This has significant implications for school districts in
low socioeconomic areas as the findings suggest where students are scheduled relative to
their math courses may prove to be a determinant of their performance in the course.
It was also found that economically advantaged students scored on average 9.4
points higher in the course for students who participated 40-80 minutes prior to math
instruction compared to economically advantaged students who participated 0-40 minutes
after math.
The second part of research question #4 was answered by the researcher using the
2x6 ANOVA and found that there was no interaction effect between economic status and
time of physical education on students’ standardized test scores on the Algebra Regents
exam (p = .671). As found in previous results, the time of physical education periods did
reveal a significant result on students’ standardized test scores (p = .002) and a nonsignificant result for economic status (p = .058). A post hoc analysis did reveal that there
was no significant difference in the mean scores between students based on economic
status by physical education periods. It is worth noting that economically disadvantaged
students who participated in physical education 0-40 minutes prior to math instruction
scored 5.5 points higher than economically advantaged students who participated in
physical education the same period (p = .020). This significant result may provide a basis
for further research as this period (-1) yielded the only significant result and may warrant
further exploration.
The fifth research question posed by the researcher was: To what extent do time
of physical education, gender, and economic status predict students’ Algebra Final Scores
and Algebra Regents Scores?
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Through a multiple regression analysis the researcher found that time of physical
education, gender, and economic status were significantly correlated to students’ math
achievement in both their algebra course (p < .001) and their standardized test scores on
the Algebra Regents exam (p < .001). Further, it was found that time that students
participate in physical education was a significant predictor of math achievement on both
dependent variables and economic status was a predictor of students’ math achievement
on their Algebra I Regents Exam.
Overall, the findings suggest that the time that students participated in physical
education relative to their math instruction had a significant impact on their math
achievement in both their academic Algebra course score and their scores on the end of
year standardized examination. Gender did impact scores in specific periods relative to
their math instruction and impacted male students’ scores over females. Students’
socioeconomic status was found to be a predictor in math achievement in their core math
course as economically disadvantaged students scored higher in the course when
participating in physical activity through physical education prior to instruction.
Connection to Prior Research
As stated in prior research, physical activity is known to have numerous cognitive
benefits, in particular, pertaining to memory and learning related processes including the
link connecting them. This link, known as “exercise mediated hippocampal neurogenesis,
in which new neurons are generated and incorporated into hippocampal circuits”
(Nusslock, 2018, p. 1) may affect the ability of the brain to retain new information. The
implications of this study are that during physical education students participate in a
variety of motor activities, physical activity, training, and exercise. Once students
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participate in physical activity through physical education class, which may range from
40 to 45 minutes, their brains are ready to learn (Ratey, 2008), improving learning and
retention in the classes that they attend thereafter. The findings in this study suggest that
the processes in the brain regions engaged by physical activity may have led to higher
outcomes in the algebra course and higher scores in algebra regents scores for those
students who participated in physical education before receiving math instruction.
Prior research has suggested that students may have improved academic
performance, in addition to mood, concentration and memory, after participating in
physical activity (Ratey & Hagerman, 2008). Research by Hillman et al. (2009), Coe et
al. (2006), and Ratey and Hagerman (2008) aligned with the brain-based learning theory
(Caine & Caine, 1994; Jensen & McConchie, 2020) supported this research study.
Further analysis of the interaction effects of gender (Guimaraes, 2015, Algahdir et al.,
2020) and economic status (Sirin, 2015, Nisar et al., 2017) were also examined to assess
the impact and implications.
According to Liu and Nusslock, (2018), new neurons generated during exercise,
called neurogenesis has been linked to exercise occurring in the hippocampus. “Since the
hippocampus is critical for memory consolidation and learning, the generation of new
neurons and increased plasticity in this brain region may explain the improved cognition
and emotional state that accompanies exercise (Gandy et al., 2017; Trinchero et al.,
2017)” (Nusslock, 2018, p.1). Further, according to Coe et al. (2006), “increased activity
levels might be related to increased self-esteem, which could be expected to improve
classroom behaviors as well as academic performance” (p. 1515).
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Studies by Owen et al. (2018) and Hillman et al. (2009) investigated the impact
that an acute physical activity intervention program had on math performance. Owen et
al. (2018) found that moderate to vigorous physical activity had a positive impact prior to
a math lesson and increased student engagement. Hillman et al. (2009) examined the
relationship of moderate exercise for twenty minutes on a treadmill prior to taking a
cognitive test. Students’ performance were improved in the intervention group that
participated in physical activity compared to the control group that sat quietly. These
studies have a direct connection to the current study, however, the current study found
that time of physical education can also impact students’ math achievement when
scheduled prior to instruction in math. This suggests that physical education can be
utilized as an intervention to improve mathematics achievement in schools.
Connecting this study back to the brain-based learning theory, it should be noted
that the correlations between physical activity and exercise and improved student
behaviors are strong (Jensen, 2020). Classroom behaviors, mood, and stress levels are
affected by the amount of physical activity students receive on a daily basis and an
integral part of the brain-based learning theory, which is in alignment with this study, and
implied by the findings.
Limitations of the Study
This study contains multiple limitations that may influence the results. According
to Creswell and Guetterman (2019), “limitations are potential weaknesses or problems
with the study identified by the researcher” (p. 200). Creswell and Guetterman (2019)
also suggest that these limitations may help guide future research in the area. According
to Kirk (1982), there were several internal threats to validity of this study. One internal
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threat to validity is selection. Selection, according to Kirk (1982), suggests that the
differences among the dependent variable means (Algebra Final Scores, Algebra Regents
Scores) may reflect prior differences among the sample. Although students’ baseline
Math 8 scores were utilized as a covariate, previous knowledge of math may have been a
factor amongst students in the sample and could affect the results of the study.
Another limitation of this study according to Kirk (1982) is maturation. Students
during the 2018-2019 academic school year may have matured at different rates and
could be a factor in the improved outcomes in the course and regents examination.
Statistical Regression is another threat to internal validity of the study and, according to
Kirk (1982), statistical regression is when the measurement of the dependent variable is
not perfectly reliable. In this study, there were two instructors responsible for assigning
grades, which may affect the validity of the students’ Algebra Final course scores.
Because the data were archived, there was no requirement for submitting lesson plans,
curriculum, and grading policies. The students’ Algebra course grades may have been
affected by the subjective views of the instructors and scores may not be reflective of the
students’ participation in physical education. Although students who participated in
physical education prior to math (treatment) outperformed the control group in the final
score outcomes and standardized test scores, the type of instructor and individual grading
policies may have had an impact in the significant differences in mean scores of the
sample.
Another limitation and external threat to validity of this study is the interaction of
selection and treatment. According to Kirk (1982), the subjects’ availability in the sample
may limit the generalization of the results of the study to other populations. The results of
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this study are based on a 9th grade sample from a large public high school in the
Northeastern United States. There was only one grade level evaluated, therefore, this
study cannot be generalized to other populations and areas. Further, there was a limitation
based on subject area as the study focused on mathematics, in particular Algebra, and
cannot be generalized to other subject areas such as science, social studies, world
languages, and English.
Implications for Future Research
For future research in this area of study, the following implications are
recommendations by the researcher based on the results of this study.
1. Repeat the study, evaluating multiple subject areas as a comparison study.
The current study analyzed the differences in mean outcomes in math
achievement between students who participated in physical education before math
instruction and those who participated in physical education after math instruction. Future
research may analyze the mean outcomes for other academic areas such as but not limited
to science, social studies, world languages, and English.
2. Evaluate the data and relationship of socioeconomic status and English
Language Learners (ELL).
Future research may warrant further examination of the impact of physical
education on socioeconomic status (SES) and English Language Learners in future
studies. Based on prior research and results from the current study, researchers should
examine the impact of physical activity and fitness levels of students based on whether
they are ELLs and their socio-economic status. Students’ performance outcomes will be
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compared relative to a core academic subject area and whether outcomes differ based on
ELL and economic status.
3. Conduct this study using an additional qualitative analysis
It is a recommendation of the researcher to conduct this study using an
explanatory sequential design. According to Creswell and Guetterman (2019), “an
explanatory sequential mixed methods design consists of first collecting quantitative data
and then gathering qualitative data to help explain or elaborate on the quantitative
results” (p. 553). This may assist in strengthening the research through observations of
students’ work habits for learning after physical activity and semi-structured interviews
with teachers and administrators on the perceptions of students’ achievement after
physical activity through physical education. There may be a benefit to conducting this
type of designed research at both the elementary and secondary levels. Future research
may benefit from conducting a study similar to this with the addition of a qualitative
analysis on the teachers’ and administrators’ perceptions of students’ work habits for
learning in the classroom after participating in physical education before instruction
(treatment) and after (control). Connections to the brain-based learning theory that
suggests that students’ attention, mood, classroom behavior, and attendance may be
improved (Jensen, 2020) may lead to further analysis in this area using surveys and
classroom observations.
4. Conduct this study pre and post COVID-19 Pandemic.
The researcher suggests that this study should be compared to student samples
using archived data prior to the COVID-19 Pandemic and compare the impact that inperson physical education may have on students’ performance outcomes in mathematics.
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During the COVID-19 Pandemic, many schools went to an online learning
platform. The impact of online learning physical education should be analyzed and
examine the impact on students’ academic achievement. A study by George and Elisavet
(2017) found that participation of students ages 14-16 in sports and physical activity
significantly decreased as internet use increased and had a negative impact on student
achievement. The recommendation for this future study is warranted due to the increase
in online learning due to the pandemic.
Implications for Future Practice
The findings in this research study suggest that students’ math achievement is
impacted based upon the time they are scheduled for physical education. The 9th grade
students in this sample who participated in physical activity 0-120 minutes prior to
instruction in their math course performed better in the course and on the end of year
standardized test. The results align with studies by Owen et al. (2018) and Hillman et al.
(2009) whose studies used physical activity prior to cognitive testing assessments to
examine the impact, which justify the timing of the intervention or time of physical
activity. The theoretical framework in this study suggests that students may have
increased academic achievement by preparing for learning through physical activity
(Jensen & McConchie, 2020) followed by relevant learning and instruction.
The implications of this study based on prior research, the brain-based learning
theory, and the significant results provide strong implications of the importance of
physical education, where it is scheduled during the school day, and impact of daily
exercise for students. Creating master schedules in schools is no easy task; however, this
study provides support of utilizing physical education as an intervention for students to
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achieve at higher levels in mathematics. By scheduling physical education prior to math
instruction, specifically one to three periods prior may provide benefits to those students.
Although the schedule may not be able to accommodate all students, the ability of an
administrator to align physical activity through physical education to a mathematics class
may assist with improving the outcomes in the course. Because all students cannot be
accommodated, this may provide a basis for students who struggle in a mathematics
course and provide an intervention in lieu of mathematics lab and academic intervention
services as physical activity helps to prepare the brain to learn. Further, the implications
of time of physical education based on gender and socioeconomic status play a role in
scheduling. Although the findings in the study provide limited significance concerning
these variables, it was found that economically disadvantaged students scored higher on
the end of year standardized test when participating in physical education subsequent to
math instruction. Findings also suggested that samples of the same sex scored differently
based upon time of physical education. These implications need to be considered by
school leaders when assigning classes and schedules in this grade level.
The recommendations of the researcher may not be easy for an administrator to
implement. Change in an organization, in particular the process of creating a schedule,
can be very difficult to change as physical education many times is aligned with a science
lab class or an every-other-day course. Administrators need to understand the importance
of how to create organizational change by collaborating with colleagues to bring new
practice to fruition. According to Fullan (2011), to bring change to an organization a
leader must develop and build relationships. The development of relationships builds the
foundation for collaboration and collective change. Fullan (2011) suggests that
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“collaboration is not an end in itself but rather involves purposeful, focused working
together that gets results precisely because it motivates the masses to innovate and to
commit to improvement” (p. 108). As per the results in this study, as part of the change
the leader should provide professional development training on the brain-based learning
theory and importance of understanding the neuroscience of learning and the impact that
physical activity has on teaching. Fullan (2011) further suggests that practice drives
theory and when implementing a new theory aligned with future practice, “you can
explore multiple approaches, experiment, and above all learn from your experience” (p.
3), which for future practitioners may provide a foundation to create and sustain positive
change. Ultimately, this may provide an alternate platform for scheduling and
implementation of a new practice.
Through collaboration with stakeholders, including physical education teachers,
core teachers, guidance departments, parents, students, and administrative staff, it is
imperative that school leaders, in order to create change must work to alter the mindsets
of how the current schedule is working and the importance of scheduled physical
education during the school day. Senge (2006) suggests that as a leader and for the
system to work and for organizational learning to occur, it is vital that the mental models
of the organization be understood. During the collaboration of the stakeholders to create
organization learning and change, a leader must understand the discipline of mental
models by “turning the mirror inward; learning to unearth our internal pictures of the
world, to bring them to the surface and hold them rigorously to scrutiny” (p. 8). Caine
and Caine (1998) suggest that school leaders should be incorporating research from
cognitive psychology and the neurosciences into how schools work and recommend that
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school leaders “appreciate the power of mental models to limit the ways in which new
information is perceived” (p. 1). By working with stakeholders, the school leaders can
create change and foster conversations to change the mental model of the organization in
regards to the process of scheduling and importance of physical education as a predictor
of academic performance. Bernato (2017) states that, “the process becomes more
meaningful when the group, whether through formal activities or in informal dialogue
begins to consider whether those principles are valid when held against their view of both
the school’s and their students’ future based needs” (p. 20), which is impactful when
trying to create change.
This study also provides implications that may impact the elementary levels, as
prior research and the findings in this study may provide building leaders a foundation to
align physical activity through physical education and recess to classroom mathematics
and literacy blocks.
Conclusion
The findings in this study suggest that students who participate in physical
activity through physical education prior to relevant and challenging instruction in
mathematics experience higher academic outcomes in the course and end of year
standardized assessments compared to students who participate in physical education
after math instruction.
The study, aligned with the brain-based learning theory and prior research,
implies that when students participate in physical activity the brain is more prepared to
learn. Following physical activity, the students received relevant learning in mathematics
which improved retention, memory, and overall learning. The students who participated
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in physical education prior to this instruction achieved at a statistically significantly
higher level than those who did not.
The study provides implications for school practitioners and leaders as the
findings provide a basis for change in school districts. The significance that not all
schools in the United States mandate physical education and some provide waivers
(Society of Health and Physical Educators, 2016a) is cause for concern. The impact of
time of physical education on students’ performance outcomes in mathematics finds that
students do perform better in their course and end of the year standardized tests when
participating in physical education prior to mathematics. The opportunity for students to
participate and be scheduled for physical education should encourage school leaders to
assess their policies, processes, and procedures. Berg (2010) suggests that in regard to
awareness of this study and related research the “education of the American public,
including those who make critical decisions regarding curriculum and budget allocation
is necessary” (p. 24).
The researcher concludes that although additional research should be conducted to
examine students’ performance outcomes based on time of physical education, according
to the findings in this study and prior research, students who participate in physical
activity during the school day prior to mathematics instruction perform at a higher level
academically in their performance outcomes in mathematics. Time where students
participate in physical education relative to math instruction is a significant variable and
predictor of math achievement.
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